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rporated University questions and hints on their 
in the text), so that students may easily find out 
their relevant answers without burdening the 
ssary details. Except the identity of the former 
has everything-else original in it. Arrangement and 
topics, inclusion of chapters not discussed in 
ed ‘Studies in Botany’ written by the senior author 
ready references made to results of up-to-date 
tic out look introduced in the text have made 
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the market and as such the Present volume would 
a help-book, to fulfilling the needs of students 
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this expectation is 
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Introduction 


Sed animals are all living objects. The science which 
living objects is known as Biology ; it is divided into two 
wz. Botany and Zoology. Botany is the branch of 
science which deals with the study of plants of the present 
in all their aspects. The term ‘botany’ is derived from 
Which means herb i.e., plants. Zoology is the 

Ë with the study i.e. structure and life history 


Cmtutar STRUCTURE—A]] livin 
J Postes a characteristic type 
g objects. The bodies 


al units called cells 
living subst 


A H liv; : 

ir - à; ving wy ganisms carry on metabolism, 

for the Continuation of lif. . Some processes of the metabo. 
i r i ñ 


o f the organi 

nergy stored during a Gli 
t . n 

© principa] metabolic ce 
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Ingestion is a process by means of which food is first taken in. 
Digestion is a process by means of which complex food matters are 
broken down into simpler forms by the help of various digestive 
juices called enzymes. By the absorption process, the digested food 
is diffused in the living body and is carried to the mostly needed 
regions of the body. Assimilation is the process by means of which 
absorbed non-living foods are converted into living protoplasm, in 
this process the absorbed non-living foods may also be stored up 
within the protoplasm for future use. Ejection is a process by which 
the residue left during the process of nutrition is thrown out. 


Photosynthesis is also a type of plant nutrition carried out by 
green plants only ; it is the fundamental process of food manufacture 
(carbohydrate type) in nature utilizing the energy of sunlight from 
raw materials of the air and soil. 


(c) Secretion—It is the process by means which protoplasm 
produces during metabolism some substances like digestive juices, 
enzymes, hormones etc., those secretory substances have great 
influence on the growth and development of the living organisms. 


(d) Excretion—It is the method of getting rid of the waste 
products formed during metabolism. The waste products are useless 
- and generally these are thrown out of the body. 


3. GrowtH—Living organisms are capable of growth. Growth 
of living organisms is a complex phenomenon which is the result of 
various metabolic activities, specially when the anabolic phase of 
metabolism gains over the catabolic phase. The growth of living 
organisms is not a matter of simple deposition of similar gone 
externally as noted in case of crystals, but it is an internal an 
biological process regulated by protoplasm. 


4. MOVEMENT—It is another characteristic feature of living 
organisms. Animals move freely while movements in plants ee 
mostly restricted. In both type of living organisms i.e. plants s 
animals, movements may be spontaneous or induced. Mo 
without the help of any external stimulus or influence is he = 
spontaneous movement ; this type of movement is noted manay " Fš 
animals, in some lower group of plants (algae), free XU Ee 
particular organ or organs of plants etc. Induced d n 
irritability is the movement of living organisms or their oror aai 
response to external stimuli of its environment e.g. light, Mu nct 
of temperature, moisture, drought, chemicals, gravity, zoo Rr 
stimuli like tension, pressure etc. Most of the plant moyen. 
of the induced type although this type is also noted in animals. 


Ni i e power of repro- 
5. REPRODUCTION —Living organisms possess the po (offsprings) 


tion of similar kind, i.e. the production of young ones 
or the same kind as themselves. This reproduction phonon 
takes place by various methods periodically and the young 
thus produced always resemble the parents in the long run. 
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6 Live-cycte—Alll living organisms follow a distinct life-cycle. 
Organism after attaining maturity reproduces its own 

kinds, In course of time each offspring after maturity reproduces, 
attains old age (senescence) and finally dies. This cycle of living 
from birth to death covering growth and development, 


feproduction, old age and death is known as the life-cycle, 


i š Therefore 
and animals form the major living objects. With the excep- 
: | have been claimed 
4 | S by Zoologists, the majority of 
Plants, Le. higher plants differ from higher animals by the following 
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(5) Most of the plants are fixed to the soil by roots or root-like 
organs, hence they are stationary i.e. they are not able to move from 
place to place. Whereas most animals have the ability to move 
from place to place (locomotion). 


(6) Various types of organs e.g. respiratory organs for carrying 
out respiration, excretory organs to get rid of waste products, 
nervous system to carry out response rapidly due to external stimuli 
from one corner of the body to another corner etc. are present in 
animals for efficient functioning ; while in plants those organs and 
systems are either altogether absent or if present simpler im 
construction. 


Branches of Botany : Botany is a very vast and comprehensive 
science and is divided into various major fields or branches such as 
morphology, histology, plant anatomy, physiology, genetics, cytology, 
taxonomy, ecology, plant geography and palaeobotany mainly. The 
section of PLANT MORPHOLOGY is concerned with the study of the form 
and external structures of plant organs i.e. the mode of organisation 
of different plant organs such as roots, stems, flowers, fruits, seeds ete. 
PLANT ANATOMY deals with the gross internal structures of plant 
organs as revealed by the microscope ; further, the study of 
minute internal structures of plant organs in details comes under 
HistoLoGy—therefore histology forms a part of anatomy. CYTOLOGY 
is the modern branch of botany which is concerned with the micros- 
copic study of cell structures and features with special references 
to all details of the nucleus and other cytoplasmic organelles and 
their behaviour. PLANT PHYSIOLOGY is one of the very important 
branches of botany and deals with the study of normal and vital 
functions of different organs of plants including reproduction ; 
it explains all life processes of plants e.g. metabolism, growth, 
movements etc. The branch of Generics is modern and deals 
with the study of heredity in plants. PLANT TAXONOMY OT SYSTEMATIC 
BOTANY deals with the description, relationship, identification and 
naming of plants and their consequent classification into systematic 
natural groups. Study of morphology and histology too are related 
to tax onomic studies. EcoLocy is the study in relation of plants 
to their environmental conditions. PLANT GEOGRAPHY 15 correlated 
and allied to ecology ; it deals with the study of spatial relationship 
i.e. distribution of plants in different parts of the world and various 
factors responsible for it. The role of PALAEOBOTANY is concern j 
with the study of forms and features of plants of past geologica 
periods, that existed as fossil in different strata of the earth. 


:milar to the studies of other natural sciences, botany may be 
Pee pure and applied lines. The study of pure botany i5 
ncerned with the fundamental knowledge of the subject regardless 
of ractical and industrial applications ; whereas applied botany 
" il deals with the practical application of botanical knowledge in 
ee eful branches of natural sciences e.g., agriculture, forestry, 
ra alture, plant pathology, plant breeding, pharmacognosy etc. 
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MIC 
of botany comes as a part under ECONOM 
DER bs obe of various types of plants that are 
essential to man's well being. 

Among these applied plant sciences are agriculture, the oy ror 
crop ; agronomy, the science of field crop pro En i 
horticulture, the study of garden plants ; bacteriology, the stu EC 
bacteria; plant pathology, the study of plant diseases and their 
control; plant breeding dealing with the improvement and the 
production of new varieties of plants ; forestry, dealing with the study 
of products like timbers, gums, resins etc ; Pharmacognosy 

with the study of medicinal plants ; and so on. 


and its consequent import- 
ance are vast and immense. For the very existence not only human 


but also all animals are to depend on plants. The main items 
f food, e.g. Sugars, starch, fats, oils, Proteins etc. are derived f rom 
; the green Plants only do possess the power of manufacturing 
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known as collectively Cryptogams or flowerless plants as they never 
bear flowers. The last i.e. 4th division is also known as Phanerogams 
or flowering plants as this division includes plants bearing flowers. 


THALLOPHYTA comprise the most primitive and simple plants. The 
body of thallophytes is thallus-like i.e. not organised into root, 
stem and leaves—structurally their body may be unicellular or 
multicellular, when multicellular with little division of labour ; sex 
organs of thallophytes are unicellular. Thallophyta are again 
divided into two groups viz. algae and fungi. Algae possess green 
colouring matter called chlorophyll within their body while fungi 
are devoid of chlorophyll. Due to the presence of chlorophyll 
algae are said to be autotrophic plants, because they can manu- 
facture their own food ; whereas the fungi are said to be heterotro- 
phic plants because they are unable to manufacture their own 
food. Algae occur mostly in aquatic and moist habitat while fungi 
live as saprophytes (on organic matters) or as parasites (on other 
living bodies). There is a peculiar group of thallophytic plants 
known as lichens. The body of a lichen is composed of an alga 
and a fungus—both living on mutual benefit. BRYOPHYTA are 
more advanced than thallophyta. Their body is either undiffer- 
entiated (i.e. thallus-like) or differentiated into simple stem and 
leaves; instead of true roots root-like structures known as 
rhizoids are present. Sex organs of bryophytes are multicellular 
and the gametes remain surrounded by sterile jacket cells. 
PTERIDOPHYTA are more advanced than the bryophyta; their 
bodies are differentiated into roots, stem and leaves but there 
is no flower and seed formation; all the parts of the body 
are traversed by conducting elements i.e. vascular tissues; 
sex ‘organs are like that of bryophyta. SPERMATOPHYTA a 
most advanced representatives of the plant kingdom ; their bodies 
are highly differentiated into roots, stems and leaves ; flower ded 
seed formation are universal. Spermatophyta are again divi < 
into two groups e.g. gymnosperms and angiosperms. Gyn 
are naked-seeded plants, they have simple and unisexual nong 
represented by either megasporophylls (i.e. carpels) iM nd 
sporophylls (i.e. stamens) only; as the carpel is not di ms m 
into ovary, style and stigma hence fruits do not i owen 
Angiosperms are closed-seeded plants provided with yp xi ote 
Carpel is differentiated into ovary, style and stigma ; after erti 2 ith 
ovary develops into fruit— hence formation of fruits in Eua gp 
is a noteworthy feature. Angiosperms are again abd wee s of 
dicotyledonae and monocotyledonae according to the aeg edt 
cotyledons present in the embryo; in dicotyledonae t S dedo: 
cotyledons is two while the monocotyledonae have one co y she 

Autotrophic and Heterotrophic Plants? = According A al 
mode of nutrition plants may be classified into, le oaie 
autophytes and heterotrophic or heterophytes. e 
bu (CREE 


» plant 
í For details vide “Studies in Botany—Volume II”, Chapter 13 of 
Physiology portion, articles 13.1 & 13.2 


BAR 
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nutrition from dead, rotten or decaying organic matters. Most 
saprophytes belong to the group fungi of thallophyta e.g. Mucor. 
Saprophytes belonging to angiosperms (spermatophyta ) though 
not numerous but not infrequent. Angiospermic dicotyledonous 
saprophytes are represented by Monotropa, many orchids (eg. Didy- 
moplexis, Corallorhiza etc.), Andruris khasiana etc The angiospermic 
saprophytes are characterised by the absence of chloroplasts. There 
are also partial saprophytes which contain chloroplasts but with the 
help of fungi in association they derive some part of their nutrition. 


When two different plants of different categories live in close 
association to mutual benefit of each other, then the organisms are 
known as symbionts,—the phenomenon of such association is known 
as symbiosis e.g., in thallophyta an alga and a fungus live together 
in mutual benefit forming a separate group known as /ichen—this 
shows a kind of symbiosis. The mutual benefit of the two different 
kinds of plants is manifest in that the alga (as a green plant and 
autophyte) manufactures carbohydrate food which is utilised by the 
fungus (non-green, heterophyte), whereas the alga gets protection and 
water supply from the fungus. Another common type of symbiosis 
is known as “mycorrhiza” where fungi occur and infect the roots of 
gymnosperms (Pinus) and non-chlorophyllous saprophytic angios- 
perms (e.g. some orchids like Didymoplexis) —here both seed plants 
(gymnosperm and angiosperm) and fungi are mutually benefited. 


Parts of an Angiospermic Plant: The angiospermic plant -body 
is differentiated into several distinct organs like root, stem, branches, 
leaves, flowers and fruits. Root, stem, branches and leaves together 
constitute vegetative organs as these organs perform the vegetative 
functions like growth and nutrition of the plant body, while flowers 
being concerned with reproduction (i.e. formation of new plants) 
are said to be reproductive organs. 


Vegetative organs form two systems e.g. (a) root system u 
(b) shoot system. Root system lies beneath the soil and is compose 
of the main root and its lateral branches. The tip of each root 1s 
provided with a cap, called the root-cap which protects the yotok 
growing apex from injury during soil penetration. Very close cus A 
the root-cap, there lies a region of delicate hairs, called the root- t 
— the functions of root hairs are fixation (partly) and ise oues o 
water and mineral salts from the soil. Lateral roots are develo en 
from the region beyond the root-hair region of the main root My 
further from the primary lateral roots. The shoot system 1s mp 
aerial i.e. lies above the soil and is composed of the main s! P eh 
its branches and leaves. The shoot may be again ve D 
(when only leafy) and reproductive shoot (when bo ae br ñ 
Support and conduction are the two main functions of n e Bs ius 
its branches. The stem and its branches are provide: 2 "d ae 
like structures called 125 and the “awama wil ies ee: 

es is called internode. From the 
pes are dissimilar lateral outgrowths from the stem or the branch, 


. 
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provided with a stalk, called the petiole and a 
the leaf blade or lamina—each lamina is 
rong and median vein called midrib and other 
ade does the function of food manufacture. 


MEC 


SHOOT SYSTEM 


1 t parts of a typi 
nan plant, Breast aniospermic plan 
he leaf Stalk an 

Is bud or bua? Men ot the 


axillary s) 


ora 
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called axillary branch bud. The apex of the stem or the branch also 
bears bud—this bud is called terminal or apical bud, the function of 
which is to help the stem or branch in elongation. 


Reproductive organs are the flowers. Each flower is a modified 
and specialised reproductive shoot. A typical flower is composed of 
four distinct whorls or sets of members e.g. outermost whorl is 
called calyx—each member of this whorl is called a sepal ; the next 


whorl above the calyx is called corolla—each member of it is called ` 


a petal. Above the corolla, there lies the third whorl, called andro- 
ecium ; each member of it is called a Stamen—the male reproductive 
organ. Each stamen consists of a sac called anther and a thread- 
like filament. The fourth or the uppermost whorl of the flower is 
called gynoecium ; each member of this whorl is called a carpel—the 
female reproductive organ. Each carpel consists of a swollen basal 
ovary, a short or long cylindrical style anda terminal stigma. Calyx 
and corolla are called the accessory whorls while androecium and 
gynoecium are called essential or reproductive whorls, as the former 
two are not concerned while latter two are directly concerned in 
reproduction. The ovary of the carpel after fertilization matures 
into fruit which contains seed or seeds. 


1 


SW. aeg rp 


EN 
A, ~eptt of Extension "zx 


The root is the descending axis of the plant. 
' from the radicle of the embryo, but may 
m any other part of the plant body. 


+ Roots are of two types viz. (a) Tap roots 
$ roots. 


re the radicle prolongs directly to form a main 
the primary root becomes stronger and persistent, 
t e.g. roots of dicotyledonous plants. 

| tap root, its lateral branches are the secondary roots 


Toots in turn produce tertiary roots and so on, The tap 
orms the tap root system. 


Advéntitious fibrous root 


‘Tap root. 


ranch root `: 


Toot and its branches, B—Adventitious roots, 


Stead „e 9 IS—When root 

Stead of their norma] place of reo? - 
dventitious and the resulti r system 

Us root system. po = 


«f monocotyledons (G 
Toot in the beginning bat amineae)—Here radicle 
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instead cluster of slender thread-like roots arise from the base of the 
-stem. 

(2) Foliar roots—Roots develop directly from the leaves ie, 
either from petiole or lamina e.g. Bryophyllum sp. (Crasulaceae). 

(3). True adventitious roots—Here roots develop from the nodes 
and internodes of the stem e.g. Centella asiatica (Umbelliferae), 
Oxalis sp. (Oxalidaceae), Ficus benghalensis (Moraceae) etc. 

1.3 Regions or Parts of the Root: The root, whether belonging 
toa tap root system or an adventitious root system, shows some 
distinct regions or zones. These regions of a root from apex to base 
.are as follows : 


Multiple 
root cap 


Fig. 1.2—A, Multiple root cap of Pandanus sp. B, Root pockets of Lemna sp. 
1 i tected by a thin 
Root cap region—The apex of root is pro Í 
URBC or Buen tissue known as root cap. Min "d pra 
cap is to protect delicate root tip during soil pn ie dtd m 
may be simple (common for most plants) or multip - lanus 


— Pandanaceae). Š 

In aquatic plants e.g. Mu um T d Meri Pee 

, Eichhornia ( Pontederi 3 c E 
HESSE tips are protected by loose thimble-like sockets kno 


ot pockets. : š s ee 

T ps IOS. region or Zone of elongation--This Teen MAGNIS 

-behind the root cap region. In this a Le b or ASQ 

takes place by mitotic cell Gisisions aid EE iode tope Ut 
e authors this region consi t 

Cell division and (b) zone of cell elongation. 
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: ; pem 
regio. ili ion—This region lies jus 
i Reis covered by unicellular root hairs, 


ion 
and í | UM mut regi 


‘Root hair 


1 of this Zone of elongation 


Root cap 


Fig. 1.3—Different parts of root. 


sties of the Root: Roots are cha 


racterised by 
5 of their own which differentiate the 


m from stem, 


ing part of the axis, 


negatively phototropic i.e. roots 
ight and positively 


Seotropic ie. growing within 


[exceptions : submerged roots 
Onagraceae), Tinospora sp. (Menispermaceae) 
d to light etc.]. 


ds, in some cases only vegeta- 
es (Cucurbitaceae) ; Dalbergia 


te no leaves, hence nodes and internodes are absent. 


takes pl i 
ayer (pericycle). Place endogenously i.e, 
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The tap root is modified in plants having biennial habit Le. those 
which live for two years and within this period they are to face favourable and 


There are four types of such modified tap roots, such as :— 


(ü) Fusiform—In this type the tap or primary root is swollen in 
the middle and tapering at both ends (i.e. upper and lower ends), 
e.g. Radish [Raphanus sativus (Cruciferae)]. i 


(ii) Conical—In conical type the tap root is broad at the top 
and gradually tapering towards the lower end resembling a cone, 
e.g. Carrot [Daucus carota var. Sativa (Umbelliferae)]. 


Fig. 1.4—Modified tap rcots 
A. Fusiform of radish, B. Conical of carrot, C. Napiform of beet. 


¿ i i llen in the upper 
lii) Napiform—In this type, the tap root is swo 
Pa die hypocotyl region and the lower part me eL 
forming a slender structure. e.g. Turnip [Brassica rapa (Crucif 
Beet [Beta vulgaris (Chenopodiaceae)] etc. : 


(v). Tuberous or Tubercular root—This type LM zi pe 
Mirabilis jalapa (Nyctaginaceae), Ruellia tuberosa sag : 
(Compositae) etc. THEE and ROMS fao soot aUbi DEREN 

itae) etc. Thick and fleshy i 
Cu n e are called tuberous or tubercular root. š 
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— B Moreo BRANCH Roor—For physiological function (i.e. 


— (f Pneumatophores or Breathing roots—These are the modified 
branches of tap root system, growing vertically up above the soil and 

E ° pores at their apices through which atmospheric air enters for 

respiration. The problem of respiration which is difficult in saline 

soil poor in oxygen is served by these negatively geotropic respiratory 

‘{pneumatophores) roots. These roots are found in halophytes like 
Rhizophora sp., Ceriops sp. of Rhizophoraceae. 


y z. 1.5—A, Pneumatoph i 
Vs visamatophores of Rh ET 
» Ë origin of th + 1g. 1.6—Fasci 
= 7 of the same, Toots of Dahlia nt? 
= € MODIFIED ADVENTITIOUS Roors- 
(a) For physiological fun 
- . (ü Tuberous r 
io s «4 0013—Tn sweet pot 
; ae oe the pros Orchidaceae), ies SA batatas, Convolvy 
ho! A Ste ü i x 
x cd forming any definite shape e enlarged or ss, 41. from 
c M) Fasciculated r 
a n the Oots— . ‘ 
, Room the base of the main stem. is, Pe, Toots develop 1 
E Sp. (Liliaceae), are also swollen like « Starters 
ulose : us 
Marant n Curcuma 


ction (i.e, Storage of food) 


amad. 
taceae) Spiraea ngo-ginger Jis 
Pett l » Zingi- 
thich Sine fi ipen ula (Rosaceae) 
at their Si a the thizome, 
become full of 
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s (n i b does bs or Beaded roots —In this type swellings occur at 
pp nie o that y beaded structure develops, e.g. grasses 
ges, orea alata (Dioscoreaceae) and so jeti i 
ea jio somet 
Momordica sp. (Cucurbitaceae), Vitis trifoliata (Vitaceae) geet, 3 


Fig. 1.7—Modified adventitious roots 
A. Annulated root (r) of Cephaelis ipecacuanha. B. Nodulose root 
of Curcuma amada. D. Moniliform root of Cyperus sp. 
C. Nodulose root of Spiraea filipendula. E. Tuberous 
root (t.r.) of Ipomoea batatas. 


e looks like rings—swellin 


(v) Annulated roots—This typ! 
e. g. Ipecac [Cephaelis 


are ring-like and placed one above another, 
ipecacuanha (Rubiaceae)]. 
(b) For mechanical function like support, fixation, protection etc. 


F. benghalensis, 


(i) Prop roots—In many species of Ficus e.g. 
F. elastica (Moraceae) etc. adventitious roots spring vertically down- 
wards from the horizontal branches and penetrate the earth—these 
roots become very much thick on touching the ground and they 
support the heavy weights of branches like pillars. 

(ii) Stilt roots—In Pandanus tectorius (Pand 
adventitious roots come out from the main stem an 


anaceae), stout 
d penetrate the 
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ground ina slanting manner. These roots give additional support to 
prevent the plant from being uprooted. 


7Stilt root 
Pandanus si) of 


) Climbi, 
es also 12° —These ro 
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crevices in the bark of the supporting plant for additional fixation— 
clinging roots also help to absorb some quantities of food from the 
accumulating debris of the Supporting plant, e.g.— Hedera helix 
(Araliaceae), epiphytic orchids like Vanda roxburghii (Orchidaceae). 


(y) Contractile or Pull roots— 
Underground stems of some plants 
like Allium cepa (Liliaceae), Canna 
indica (Cannaceae) etc. possess this 
type of roots. These roots by their 
contraction or swelling keep the 
aerial part of the plant erect. Asa 
result position of the underground 
stem changes from horizontal to 
vertical. 


(vi) Root-thorns—In plants like 
specis of Acanthorhiza ( Palmae ), 
Iriartea (Palmae), some of the adven- 
titious roots developing from above 
the base of the stem become thorny 
É a and are called root-thorns—the n: 

š: : tion of which is protection agains 
Fig. ueque roots animal addi: 


(vii) Floating roots—In Jussiaea repens (Onagraceae) spongy, 
soft, cottony, roots spring from the stem in lax clusters ; these roots 
are full of innumerable air spaces and thus help the plant in 
maintaining buoyancy on water. 


ig. 1.13—Plank buttresses. 
Fig. 1 12—Floating roots of Jussiaea repens. Fig. 1.13— ET 
ica ike Ste 
ii) Root or Plank buttresses—1” posi Terminalia 
foctida ee Y UE ee crews radiating pond 
bretaceae) plank-li being uprooted— 
rial m Sega provide extra support ne ‘According to 
base of a ete d root or plank . buttresses. 
these ar 3 
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Francis? “buttresses of large trees are the combined extensions of 
roots and stems.” 
le) To carry out vital functions— 
(i) Assimilatory roots—Invariably roots do not contain chloro- 
I plasts but in plants like Tinospora cordifolia (Menispermaceae) and 
sp. (Cactaceae), adventitious roots originate from the stem, 
these roots contain chloroplasts and function as assimilatory organs 
like to some extent. 


E Epiphytic roots—In epiphytic orchids, roots are developed 


Fig. 1.14—Clingi 
ging roots (CJ. aE 
Toots (Er.) of Vanda roxbaand epiphytic 


these Toot : 
we ; besides thes2 Ots are instru 
by virtue Of chloro me Toots also function 


€ str tu 

he host 

Uttresseg of the Rain. 
"10 


m: Trees, Kew 
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(iv) Reproductive rooys—Sometimes roots produce adventitious 
buds which help in propagation as in many species of Agave 


n. 


(Agavaceae). Vegetative reproduction 
through root cuttings are common in 
Ipomoea batatas (Convolvulaceae), Tri- 
chosanthes dioica (Cucurbitaceae) ete. 
These roots are therefore called repro- 
ductive roots. 


(v) Mycorrhizal or Saprophytic roots 
—These roots are infested with fungal 
mycelia. Plants growing in humus have 


PH E mycorrhizal roots and such plants 
showing haustoria: ` are called mycorrhizal saprophytes, e.g. 


Pinus sp., Betula sp. (Betulaceae), Mono- 


tropa sp. (Pyrolaceae), Corallorhiza innata (Orchidaceae) ete. 
Mycorrhizal saprophytes ‘get their nutrition from humus soil rich 
in organic compounds with the help of fungal mycelia. 


Chart showing different types of roots . 
Roots 
I 
| | [ 
Tap eon Modified branch root sec aed roots 


Normal 


1, Pneumatophores 
I or breathing roots | | 
Modified e.g. Rhizophora Normal Modified 


(a) For storage of food (Fibrous roots) | 


| 
(a) For met (b) For physiological 
functi, function 


1. Fusiform e.g. unction 
Raphanus sativus I 

2. Conical e.g. 1. Prop roots e.g. 1. Tuberous roots 
Daucus carota Ficus benghalensis ^ e.g. Ipomoea batatas 
var. sativa 3 

3. Napiform 2. Stilt roots e.g. 2. Fasciculated roots 
e.g. Beta vulgaris Pandanus sp. e.g. Asparagus Sp. 

4, Tuberous or 3. Climbing roots 3. Nodulose roots e.g. 
tubercular root e.g. Piper betle Curcuma 


e.g. Manihot 4. Clinging roots 4. Moniliform or 


beaded roots 
esculenta cum Konda Toe e.g. Dioscorea alata 


5. Contractile or 5. Annulated roots 
pull roots e E ares 
.g. Canna indica ipecac! 
6. Reot-thorns 6. Assimilatory roots 
e.g. Acanthorhiza sp. ` e.g. Tinospora sp. 
7. Floating roots 7. Epiphytic roots 
e.g. Jussiaea e.g. Van as 
at or P 8 i gol or 
8. Root or Plank SUE men 


buttresses 
mbax ceil e.g. Cuscuta sp. 
cis ini 9; Reproductive roots 
e.g. Trichosanthes 
dioica 
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L6 Functions of Root: Mainly of two categories, viz. (a) Mecha- 
and (b) Physiological. ks 
"S M ECHANICAL— Under this, fixation of plant to the soil i.e. 
anchorage and support to other body. 
(b) PnYsioLOGICAL— Functions under this are : 


(O) Absorption of water containing various nutrients in solution 
the soil. 


soil 


(li) Conduction of absorbed mineral salts and water partly in 
direction. 


(iii) Storage of food — Some amount of food is stored up, mainly 
in the permanent region. 


Besides above, roots perform some special functions—these 
ar are discussed under modified Toots (see modification of 
roots). 


SELECTED QUESTIONS 


1. What is root ? Distinguish between tap root and adventitious root, 


3. What are the ch isti i 
root from shoot panictepatic features of roots ? How you will distinguish 


ë Oots, modified adven 
the functions Of root, itious roots ) 
Refer article 1, 
6. Write Short notes on .. 
(a) Epiphytic Toot— 


See article 1,5 


CHAPTER II The Stem 


2.1 Definition: A stem is an ascending organ usually developed 
from the plumule, sometimes it is sub-aerial or underground. 


The plumule, developed after the germination ofthe seed, elongates upward 
forming the shoot i.e., leaf bearing axis or stem, The stem bears branches (excep- 
tions: Palms, Cycas etc.) and leaves which are together called shoot. Modified 
reproductive shoots are found on the stem, known as flowers. A stem growing 
above the ground is generally green in young condition but due to the occurrence 
of secondary growth and formation of bark, the green colour of the stem changes 
at the adult stage. Stems growing under the soil are always non-green in colour. 


Fig. 2.1—Portion of a stem apex showing different parts. 


2.2 Differences between Root and Stem : 
Roor STEM 
1. Develops from the radicle. P ; 
2 Pecani axis of the : ^ Ascending axis of the plant 
: ody. 
plant body. i ee 
i . It goes in the upwar 
3 eoe e iwi yide the soil avoiding water 


irecti der the soil avoiding v ) 
Pent ona seeking water and and seeking sunlight. cM 


mineral salts. 


1. Develops from the plumule. 


d i ag et 2. 
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Root STEM 
i lour. 
| in colour. 4. Green in co 
: ian Ei aves, buds, 5. Bears leaves, buds, flowers 


flowers, fruits etc. fruits etc. 


In thi : 
“ete. S eg. Solanum po, YDe, the stem is 


‘Wolanacea ) 


i des are 
internodes are 6. Nodes and interno 
bed and inte: eS | 
unicellular epi- 7. Possesses multicellular epi- 
Bur un called root dermal outgrowths called stem 
hairs. hairs. He 
2.8 Forms of Stems: The form of the stem varies in different 
plants though generaly it is cylindrical in appearance. Following 
Are the different forms of stem : 


(i) Square i.e. stem is four-angled forming a Square structure, e, g. 
Leonurus sibiricus (Labiatae), Peristrophe bicalyculata (Acanthaceae), 


(H) Triangular i.e.. Stem is three-angled e.g. Cyperus rotundus 
ceae). 
(iii) Flat—in this type the stem is flat and leaf-like, e.g, O untia 
dillenii (Cactaceae). Yat 


(iv) Jointed or Articulated—{n this ty 
in the Es pueh bulges externali 

€. sugar cane accharum 

grasses 


() Ribbed ie. stem with ria 


found in s ecie: 
4 (Cucurbitaceae), Casuarina (Casuarinaceae) etc. peste 


S type the Stem is fl 
= n » &8. Podostemon Sp. (Podostemaceae). ` amentous | 
A vn stem is solid but due to the disorgani 


Disation of the ith 
it may be eee 
Cucurbita sp. ste. y or fistula cen 


in many 
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different nature, viz. up The surface of the stem may be of 
(a) labrous... 


Stem is smooth fe, 
Ctaginaceae), 


glaucum (Solan 


Vari Tomentose H je “Graminea ) 
ous t; — Here : 
min te Cerna ruh dt den e poids an 
(Apocyn i Ton fortunatus, (Verte vo annuus 
Pri, ^ Nerium 
and prickles ¢ 2° Spiny 


Ste, 
'£- Opuntia dill, 
), xac vied Spectabilis 
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2.5 According to the nature, duration and mode of branching of 
stems, plants are divided into Herbs, Shrubs, Undershrubs and Trees t 


A. HERBS OR HERBACEOUS PLANTS : 

Plants which are erect, smaller in size and have soft stems are 
called herbs. Generally they are unbranched, branching if present 
are few in number. According to the duration of life herbs are 
further classified into ephemerals, annuals, biennials and perennials. 


(i) Ephemerals :—These plants live only for a few days ; within 
these few days they have to complete their life cycle, e.g. Balanites 
aegyptica (Zygophyllacez). 

(ii) Annuals :—They live only through one season and complete 
their life cycle within that period, e.g. Oryza sativa (Gramineae), 
Brassica nigra (Cruciferae), Triticum aestivum (Gramineae) etc. 


(iii) Biennials:—They live through two successive seasons. 
During the first season they germinate from the seeds and produce 
vegetative parts and in the second season they die after producing 
flower, fruit and seed, e.g. Daucus carota vat. sativa (Umbelliferae), 
Raphanus sativus (Cruciferae) etc. 


(iv) Perennials :—They live and complete their life cycle in 
more than two seasons, e.g. Scoparia dulcis (Scrophulariaceae), 
Zingiber officinale (Zingiberaceae), Borreria hispida (Rubiaceae) etc. 

B. Surups—These are medium sized erect small plants with 
woody stem. The hard stem is profusely branched and branching 
is so profuse that it is very difficult to distinguish the main stem. 
Common examples are, Hibiscus rosa-sinensis (Malvaceae), Duranta 
repens (Verbenaceae), Jasminum sambac (Oleaceae) etc. In shrubs 
trunk is absent. : ; 

C. UNDERSHRUBs—Plants whose characters are found in 
between shrubsand herbs called undershrubs, e.g. Solanum melongena, 
Capsicum frutescens etc. of the family Solanaceae. 

D. Trees—These are tall plants with a very hard and woody 
stem. Upto a certain height a tree remains unbranched, that portion 
ofthe plant is called trunk. The trees are usually perennial, e.g. 
Mangifera indica (Anacardiaceae), Polyalthia longifolia (Anonaceae), 
Euphorbia pulcherrima (Euphorbiacez) etc. : 

2.6 Kinds of Stem : Stems are generally rigid, firm and strong 
which enable plants to remain in an upright position, but aly ie 
plants having weak stems and which are not able to grow! 

right position. 
bs. Aerial stems may be (a) strong (erect) or (b) weak SER 

A. SrRONG STEM :—Plants become erect and remain ires 
upright position due to the rigidity of the stem, as seen in herbs, 
shrubs and trees. i Et 

strong stem as seen in trees are as follows :- 
PS carent Mies e t, Rawa a et 
of racemose branchi n 
T. gi de Picea, Pinus (gymnosperms), P olyalthia 


ongifolia (Anonace®) etc. 
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re 
dome-shaped (mo H 
j he tree takes a ing then it is 
l (b) Deliquescent En Hs to cymose ovra 
f or less “yea “asin Mangifera indica (Anac 
known as deliquesc P. 


Fig. 2.2—Types Of tree forms 
A—Excurrent of Polyalthia longifolia. B—Caudex of Cocos nucifera, 
C—D quescent of Mangifera indica (defoliated), 


nown as caudex 
l ex and annular scar, of fallen 
e.g. Cocos nucifera ( Palmae j; Orassus flabellifer 
d) Culm —Jointed s ms OWn as cu] 
m. In this Case th 
and the Internodes are holl 
arundingce, (Grami eae) Sra "S mes such as 
So! m yledon Plants + 
stem joe bb nüched aerial shoot which 
t 
at its apex e ther a Solitary flower’ r a of o d 
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plant is defined as acaulescent, e.g. Polyanth mary 
lidaceae), Allium cepa (Liliaceae), anid, a: a y 


Fig. 2.3— Culm of bamboo Fig. 2.4—Flowering scape of 
onion (Allium cepa). 


(Bambusa sp.) 
B. WEAK STEMS :—Many stems are weak, they cannot maintain | 


an upright position. 


EU ad < = 
A: Decimbent 7) 


Fig. 2.5—Types of weak stems 
 A— Lindenbergia indica, B—Ipomoea reptans, C— 


Phyla nodiflora. 
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pes of weak stem :—Weak stems are either (a) Trailer—trails 
surface of the ground without rooting at the nodes, or 
'— grows horizontally over the surface of the soil striking 
ng from the nodes) at short distances, or (c) Climber— 
ip by supporting any other plant or object. 


er or Trailing plants 
bent or Prostrate—When the stem lies prostrate over 


its apex also lies flat over the surface e.g. Basella 
mopodiaceae), Evolvulus nummularius, Ipomoea reptans 


°) etc. 


bent —When the stem lies over the ground with the apex 


dse.g. Tridax procumbens (Compositae » Lindenbergi 
mlariaceae)etc. — i; r 


When the plant grows horizontally over the surface 
S profusely and spreads out in all 


or Climbing plants 
climbers or 
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Dioscorea alata (Dioscoreaceae), Quisqualis sp. (Combretaceae), 
Ipomoea quamoclit (Convolvulaceae) etc. climb up other plants or 
objects by twining round their own stem. 


Twiners are classified into two groups according to the direction 
.of twining — 


(i) Dextrorse— When the climbers twine clockwise or to the right 
then it is called dextrorse e.g. Dioscorea alata (Dioscoreaceae), 
Mikania scandens (Compositae), Phaseolus sp. (Leguminosae— 
Papilionaceae), Dolichos lablab (Papilionaceae) etc. 


Gi) Sinistrorse— When the climbers twine in anticlockwise or to 
the left then it is called sinistrorse e.g. Dioscorea bulbifera 
(Dioscoreaceae), Clitorea ternatea (Leguminosae — Papilionaceae), 
Ipomoea quamoclit (Convolvulaceae), Convolvulus sp. (Convolvu- 
laceae) etc. 


2. Lianes— Long and woody perennial stem climbers which climb 
up tall forest trees are called lianes. They climb up owing to the 
different growth and curvature of the stem e.g. Hiptage benghalensis 
(Malpighiaceae), Beaumontia grandiflora (Apocynaceae), Marsdenia 
(=Dregea) volubilis (Asclepiadaceae), Bauhinia vahlii (Leguminosae— 
"Caesalpinaceae) etc. 


i i i — Apical stem tendril (t! 
‘Rig. 2.8—Axillary stem tendril (t) Fig. 2.9 —Apical s 
Fig. 2 of Passiflora sp- of Vitis sp. 


3. Tendril climbers —There are some p Ses denden 


.special type of climbing organs called tendrils. 
spirally coiled, thread-1 truct 

either branches or leaves or inflorescence s 
to contact. They help the pla 
object. Different plant organs ar! 


08 z 
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i d are called stem 
the axil of leaf an ducem 
EE ud i medited teque asap. 
4 ; either the ax ifloraceae, Fig. 2.8), « 
[1 S the apical Mu modified into tendril (Fig. 2.9). 
(Vitaceae) the a 


0—Stip il Fig. 2.11—1, flet tendril Fig, 2.12—Inflorescence axis 
M of Sula tendri =z at Pisum sp. tendril (t) of Antigonon sp. 


i il eg. Lathyrus aphaca 
(Leguminosae— Papilionaceæ), 


Gii) Terminal leaflets are modified into 
Pisum sati, 


tendrils (Fig, 2.11) eg, 
onacez), 


(vi) Inflorescence axis 


into tendrils (Fig. 2.12), e.g. 
w m e) pts (Polygonacez), Car lospermum helicacabum 
' 4. Root climbers :—Sey 
(Araceg), 


er 
Piper betle (Pi 
a 


: Urpose e p. 
> sometime ^ 
Artabotrys SP. (Anonaceg 20KS are Modified 


are the Climbin l i 
fis Modified into tendril wand WT 
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act as climbing organ (see iv & v under tendril climbers). The leaf- 
stalk i.e. petiole of Clematis sp. (Ranunculaceae) is sensitive to 
contact and coil round any neighbouring object helping the plant 
to climb. In Nepenthes sp. (Nepenthaceae) the modified petiole 
often twists round the support like tendri) holding the pitcher in. 
vertical position. 


Fig. 2.13—A. Leaf petiole tendrils of Clematis sp. 
B. Leaf apex tendrils of Gloriosa superba. 


Fig. 2.14—Hook climbers of Bignonia unguis-cati. 


been found to 

Š bler or Scramblers :—Several plants have 1 

ib dei h BOUE plants in forests with the help D eras 

hh 8,6 Bougainvillea spectabilis (Nyctaginaceae), climbi t 

Coles a s, (Palmae) etc. In peer o is 
ip-li ik covered by prickles (hook-li S | c 

pe kan idah (Fig. 2.17)—this helps the plant to climb nojgubouting 


plants or objects. 
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ds another type of clim iv lii . 
š i ber called adhesi ec mber 
ber provided with sdlicaive discs to some of their 
are o 


C 


Fi . 2.15—Thorn (T) of 
rait 


Fig. 2.16— Prickle (P) ofa 
climbing rose (Rosa 8p.). 


$ by means of such adhes 

S, e.g. Ampelopsis veitchii 

In this plant the adhesive 
developed from the 


X WZ 
Advantage and Disadvantage — jj I A! > 
limbing Plant; ë CIT 


advantage gained by clim- 
ma Support. The lianes 


ive discs they may adhere to 


‘ng plants. B means 


t, climbing plants can fully 
° thems to light. Li 


uty Lianes p; : 
ing to thei nternodes and P9 217—Pric 
siderable lengt 
Orts, 
Vantage of the lianes is that th 
heat of the sun, s as they are fully exposed to 
wid they have the chance of loosing much 


kles of Calamus rotang, 
h adapt themselves in various 


S the bearing of th 
Production and bearin © Crown and weight 
tructures like flowers and frase leaves, branches 
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(b) Physiological function—Conduction of mineral salts and 
water absorbed by roots and translocation of prepared food matters 
to various plant parts. 


II. SPECIAL FUNCTIONS-— 


(a) Storage of water—This is done by special water storage tissue 
present beneath the epidermis of stem, as in many Cactaceae ; the 
best example of storing much quantity of water in the stem is afforded 
by the species of Echinocactus (Cactaceae) of Mexico. 


(b) Storage of food (mainly carbohydrates) this is done mainly 
by underground modified stems like rhizomes, tubers and corms of 
many plants. Sometimes the aerial stems store up starch e.g. stem 
of Amaranthus tricolor (Amaranthaceae). 


(c). Photosynthetic function i.e. manufacture of carbohydrate food 
is carried out by most green stems, particularly by modified leaf- 
like branches or phylloclades and cladodes of Muehlenbeckia sp. 
(Polygonacez) and Ruscus aculeatus (Liliacee). 


(d) Self defence i.e. by the development of thorns and prickles 
—thorny and prickly stems are meant for defence against grazing 
animals. Examples of thorns are afforded by the species of Vangueria 
(Rubiaces), Duranta (Verbenacee), Alangium (Alangiacez) etc., 
prickles occur in stems of Rosa sp. 

(e) Stems and branches as supporting organs—similar to the 
function of stems and branches as climbing organs, this is done by 
branch tendrils of the species of Vitis (Vitacez), Passiflora (Passiflo- 
racez) etc. 

(f) Propagation of vegetative parts—Subaerial modified stems 
like runner, stolon, sucker and offset help in vegetative pro pagation 


and perennation. 

2.9 The Bud : A bud 
is a condensed young 
shoot, in which internodes 
and leaves remain in à 
rudimentary undevelo 
condition. So à bud has 
nodes and very short 10- 
ternodes and has a grow- 
ingpoint; young leaves 
are crowded together over 
a conical mass of meris- 
tem forming a bud. Bras- | 
sica oleracea var. capitata 
(cabbage, Cruciferae) 18 
the best example of a bu 
(Fig. 2.18). 

2.10 Kinds of Buds š 

(i) Leaf! ‘bud—develops 
into leaf, e- g. Ficus sp- 
(Moraceae). 


* Fig. 2.18—Longitudinal section of a bud. 


' 
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IM) Stem bud—develops into leafy branch. 
(i) Flower bud—develops into flower. 


(i) Mixed bud—develops into vegetative shoot and reproductive 
structure Le. flower, e.g. Malus sylvestris (Rosaceae), 


A. NORMAL BUDS—These buds are situated either at the apex 
of the axis or in the axil of a leaf. 


Normal buds may be of the following types : 


(i) Apical or terminal buds—When the bud is situated at the apex 
Of the elongating axis, either stem or branch. 


Function :—Elongation of stem or branch. 


(i) Axillary bud:—When the bud is situated in the axils of 
leaves. 


Function :—Development of branch and flowers. 

An axillary bud may be either (2) dormant or (b) deciduous. 

(a) Dormant bud— 
active. 


tal op Deciduous bud—When the buds instead o 
K 


Here the buds remain rudimentary, i.e, not 


the plant at an early stage. f developing shoots, 


173 


= Superposed 
di buds 


Collateral 
buds 


eral bud 
Das Su Cer sp. (B) tespective ans regia (A) ang 
cc à 
i nd arran 
geme: 
of a leaf, the bud may ore than two d 


Called either 
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..(a) Collateral :—When more than one buds are situated side by 
side, e.g. Solanum melongena (Solanaceae), Cucurbita maxima 
(Cucurbitaceae), Acer sp. (Maple, Aceraceae) etc. 


(b) Superposed :—Im this type more than one buds are situated 
one above the other e.g. Aristolochia attissima (Aristolochiaceae), 
Juglans regia (Walnut, Juglandaceae). 


Those extra buds which are situated by the side or above the 
axillary bud are also called accessory or supernumerary buds. 


B. ADVENTITIOUS BUDS—Adventitious buds are those which 
develop from any 


part of the plant 
47 body except in the 
5 wi apex of the axis and 


in the axil of a leaf. 


Adventitious Types of adventitious 
buds buds :— 
S 
(i) Epiphyllous— 


Buds developing on 
leaves e.g. Bryo- 
phyllum calycinum 
(Crassul aceae), 
Kalanchoe spathulata 
Fig. 2.20—Epiphyllous bud of Bryophyllum calycinum. (Crassulaceae) etc. 

Gi) Cauline—Buds developing on stems, when the main stem 
of the plant is cut otf, e.g. Duranta repens (Verbenacez)}. 


(iii) _Radical—Buds developing on roots, e.g. Trichosanthes 
dioica (Cucurbitacez), Cephaelis ipecacuanha (Rubiacez). 


2.11 Protection of Buds : 


i By scale leaves of cataphyll types à 
gue heterophyllus (Moracez), Michelia champaca (Magus 
Jiaceæ), Ficus sp. (Moracez) etc. Normally bud-scales proe 
buds. Sometimes buds with scales are called scaly buds. Na 


bud :—bud not protected by scales. 
(ii) Covered by dense hairs—e.g. Ziziphus mauritiana (Rham- 


nace). ; a 
(iii) Leaf base acting like a sheath—eg. Wormia burbizia 
illeniacez). , 

pes. to check loss 


, cutin, oil or resinous matter 
dica (Hippocastanaceg). 
amomum aromaticum 


(iv) Coating of wax 
of water e.g. Aesculus in 


(v) Seated deeply within the bark e.g. Cinn 
(Lauracez). 
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. he f ll ing 
2.12 Modification of Buds and their Functions H I ollow. 
special functions are carried on by the modified buds— 


i for self 
: inted, thorn-like structures à 
E M hom ihe modited pene s= ae Duranta 
=e daa i lvifolium (Alangiac $ 
Alangium saly: 
repens (Verbenaceae), 


221— Bud. f 
Fig. Fn Sep o! 


` Fig. 2.22--A-p, Bulbils of Globba 
bulbifera. 


(ii) Climbing :— Apical buds are modified into tendrils for 
climbing purpose, e.g. Ci (Vitaceae). 


‘ W pla 
; Propagation 
(Zingibera gi are c 


led bulbi], e pos meant for 
ceae), Dioscorea bulbifera (Dioscoreaceæ) P etas bulbifera 
233 Modifica 


I tion of Stems ; 
ne Cases inste 
Undergro ad 
und. The of 


H 
$8 
e. 
z 
8 
E 
e 
8 
B 
o 
Qa 
= 
EB 


a8 STUDIES IN BOTANY 


(ii) Storage of food and water :— Food matters and water are 
stored within the underground stems. “Á 

2.15 Characters of the Uuderground Stems differing from Roots 1 

(1) Presence of nodes and internodes. as 

(2) Presence of small dry, scale leaves and development 

adventitious roots from the nodes. 

(3) Presence of buds at the axils of scale leaves. 

(4) Internal structures are like those of stems. 

2.16 Types of Modified Underground Stem : 1 

l. RHIZOME :—It is a thick, fleshy underground stem with 
distinct nodes and internodes, growing horizontally, sometimes 
or less vertically beneath the surface of the soil. The presence 
distinct brown scale leaves at the nodes with the axillary buds in 
most cases indicates the nature of the stem. From the lower surface 
ofthe nodes, a large number of adventitious roots are developed. 


Scale leaf 


£ 
& 


vp 
ME Adventitious root 


i i d stems 
ig. 2.23—A-C, Different types of modified undergroun 
a ghee » Zingiber officinale, B—Corm of Amorphophallus campanulatus, 
C—Stem-tuber of Solanum tuberosum. 


iti i develops into aerial 
vourable condition the terminal bud n 
bud iet the close of the vegetative season the annual parts die, 


leaving a scar on the upper surface of the dos M MEO 
continues its growth by one or more lateral buds, I ere! ed aN 
year after year. Itis found in herbaceous perennial mo. tylec 
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Zingiber officinale (Zingiberacee), Musa paradisiaca (Musacez), 
LU insiberacez) etc. 


ymphaea esculenta 
some i ica (Aracee), Nymp delia 
E E" o iain ica Most grows in AT UM Mise 
EU D kosta, Those stout ial AE yup 
Le Ae k. When the rhizome is wiry, us 
x oho c a sobole. Common examples are 
es of. 4 t Bai. Gramineae viz. huy oan esi 22 m, 
dactylon etc. Som i ! 
A ined Ee BP seine stem due to thin and wiry 
nature of pei devoid of accumulated food matter, 


tip of an underground 
i ises from the axil of a leaf on the main 
creeping branch which arises I 


er eyes are present. Scars of 

present —these bear 

are absent in the 
um (Potato, Sola- 

naceae), Cyperus rotundus (Cyperaceae) etc, 

3. Corm :~It is an enlarged, more or less round, solid 

Underground i 


» Vertical 
stem with few nodes and internodes, very 
© internodes are reduced 


"sË 


pex encircling 
o the foliage leaf. Buds 
are present ; Some of them develop 
into new 


body or € base of the corm, 
e.g. rphophallus campanulatus 
(A » Crocus satiyys (Liliaceae) 
4. Burp :—The bulb js a small 
Modified — disc-likç erground 
ste. The Stem is extreme y reduced 
and takes he sha 
Thick 


Disc 
2.24—Loni itud ti 
In concentric Manner one bulb (the labellis cay nie of a 
above the T over the discoid are actually fleshy leaf pas aen 
b Which bear u ' 


bases are Fig. 


us on 
ioe S ire stored Within qn titious TOOts at its 
also a terminal bud in the © i 


are present n y Underground 
in the centre of the dee axil of ` leaf ba 


ses and 
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There are two kinds of bulbs :— 


(a) Tunicated bulb—Here fleshy leaf bases are arranged in a 
concentric manner and the outer scale leaves become dry, thin and 
membranous to form 4 common covering or tunica, hence the bulb 
known as tunicated bulb, e.g. Allium cepa (Liliaceae). Fig. 2.24. 

(b) Scaly or naked bulb—Here the thick and fleshy leaf bases are 
not arranged in a concentric manner, they overlap one another and 
are not covered by tunic (dry scale leaves), e.g. Lilium candidum, 
Tulipa gesneriana (Liliaceae). k 

2.17 Subaerial Modified Stems: There are four types of subs 
aerial modified stems meant for vegetative propagation, such as— ` 

(1) RuNNeR—It is a slender, prostrate, creeping aerial stem OF 
branch. After running a short distance over the earth in a creeping 


Fig. 2.25—A—D, Different types of sub-aerial modified stems. 


E b- 
er it sends off roots at its end and leaves develop, thus pr 
MESE a new plant which produces another runner we n m 
axil which behaves similarly ; thus a series of indepen en fene 
are linked together by several runners. Somers oH 
scale leaves, e.g. Fragaria vesca (Rosaceae), Centella 


(Umbelliferae), Marsilea sp. (pteridophyte) etc. 
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i ter and 
Serser :—It is just like runner, but the stem is shor 
Lose M acie at the ends cluster of roots and tuft 
of leaves e.g. Pistia stratiotes (Araceae). 


:—This is a sub-aerial branch arising from the stem 

P Fn Mo abe earth and which after growing in a horizontal 

direction for certain distance produces roots and turns upwards above 

; ultimately it develops into a new plant e.g. Mentha spicata 
eit) Chrysanthemum coronarium (Compositae) etc. 


(4) STOLON :—It is almost like a runner but the branch is more 
slender and longer, and arches due to its great length. On touching 


the soil the tip produces cluster of roots and leaves. e.g. Mentha 
piperita (Labiatae). 


Function of Sub-aerial Modified Stem :— 


The function of sub-aerial modified stems in many cases is 
n oe €.g. species of Pistia and Eichhornia (water 


2.18 Metamorphosed Aerial Stems : Aerial stems undergo extreme 
modifications. or metamorphosis like all other organs to discharge 
various functions other than normal. These are as follows :— 


(a) Stem or branch tendril :—It is a metamorphosed stem or 
3 , for the su t 
many cases, as in Vitis the uppe Pport of weak stems, 


Io 
í tremity is transformed i 
coily slender tendrillar part Fig. 29 fori 
the T unchanged Am GERE 9). From the axil of leaf on 
ion ie rs out whose apical 
“(tte Similarly transformed into 


and soon; th 
DS. arran on; the branches are 


i Aid the tendr 


pated in the axi of 
(Fig. 2.8), ze OF the leaf 
climbing 6 in ction :—Serves ag a 


an axillary 
wth is arres- 
i 


s, eaves, ic m UE 
n. Position indic mueve i, Pu. 2.26—Thorn (T) of Duranta 
^ repens 
olium (Uwe re Duranta re 
mbellif Dens (Ver 
Organ, erae) etc, Function ipe ace) Alangium 
S 


erves salvi. 


45 à defensive 
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(c) Phylloclades or Cladophylls and Cladodes :—Phylloclade 5 
PY or cladophyll is a flat leaf-like aerial 
metamorphosed stem or branch of 
many or several nodes and internodes 
doing the function of leaves, In - 
many plants growing in dry or arid ` 
regions, leaves are reduced to spines 
or leaves fall off very early as an 
adaptation and precaution against loss 
of water. The phylloclades function 
as leaves and sometimes act as water 
storing organs. Examples— Opuntia 
dillenii (Cactaceae), Muehlenbeckia 
platyclados (Polygonaceae) etc. are 
typical phylloclades with distinct nodes 
and internodes. 


In some plants like Asparagus 

s: racemosus ( Liliaceae ) and Ruscus 

m aculeatus (Liliaceae), each. branch 

Fig. 2.27—Phylloclade of Opuntia consists of one internode arising at the 

eni: axil of minute scale leaves. The 

branches become very much leaf-like. These metamorphosed leaf-like 

branches of one internode are called cladodes. Phylloclades and 
cladodes do the function of 


foliage leaves i.e. photo- LZ e 
synthetic. y v VA 

(d) Pseudo-bulb :—It isalso ^ Cladode SA) V | VY 
a modified stem as seen in aerial Ny. AY AK 
orchids. Here generally one v Ww W | A ciadode 
internode of the stem becomes VS INN 
modified into a fleshy and . Ü S $- /A 
tuberous structure. Its function y SO Y m £ 
is to store moisture in excess NW) W W 
so that the plant can survive S NY, 7 Á 22 
during unfavourable condition. SW SW 227 AO 

(e) Bulbils (Fig. 2.22) :— NW WY = 
These are aerial bulbs arising W 4 Hook 
at the axil of foliage leaves or \ Lage 
scale leaves. Sometimes they = S 
consist of disc-like stem cover- Hook 
ed by leaves as in Agave sp. 
Bulbils, are Aymara. n Fig. 2.28—Cladodes of Asparagus 
Lilium bulbiferum (Liliaceae), racemosus. 


bulbifera (Zingibera- 2 z 
E In p cantala (Agavaceae) the bulbils are found to produce 


new plants while still attached to the stem—hence the bulbils are 
f 
viviparous. 
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nch is a similar appendage of the axis having 
. It develops at the axil of a leaf and bears 


endo; > ous origin. In angiosperm stems, branches 
in the axil of leaves and have the vascular supply frony 


ich the branches are arranged on the stem is 


BASS. 24 


There are two principal types of branching, 1. 


HIN —Here the branches are given off 
il buds of the main axis. The branches are 
des of the main stem. 


is of two types viz. (a) cymose and (b) racemose. 


ching (diagrammat) 
tichotomy tk) 
cymose br; od 
s cyme ial bra 
1 scorpioid (Pi "š 


44 STUDIES IN BOTANY 


tendril or flower bud. Hence the growth of the mai is is d 
This type of branching is known ^ cymose. rae M 


Cymose branching is of three kinds .— 


(a) Uniparous :-—When only one branch is produced from the 
main axis at each branching, then it is called uniparous cyme, It 
may be scorpioid or helicoid. 


d G) Scorpioid—When lateral branches are produced on alternate 
Sides in a zig-zag manner, e.g. Cissus quadrangularis, Vitis vinifera 
Vine) etc. of the family Vitaceae. zd " 


(ii) Helicoid—When lateral branches are produced on one side 
only e.g. Saraca indica (Caesalpinaceae of Leguminosae). 


(2) Biparous :— When two bran ` es arise just below the main 
axis, itis known as biparous cym -e. g. Mirabilis jalapa (Nycta- 
ginaceae), Carissa carandas ( Apocynaceae) etc. 


In case of the plant Plumeria acutifolia ( Apocynaceae) the 
terminal bud remains undeveloped or soon dies off ; it looks like a 
false dichotomy. ! 


(c) Multiparous—When more than two branches are produced, 
it is called multiparous cyme—e.g. Croton bonplandianum 
(Euphorbiaceae). 


B. Racemose or Indefinite branching :—In most angiosperms the 
main axis grows indefinitely giving off axillary branches in acropetal 
order, the terminal bud grows for an indefinite period and persists 
throughout the whole life of the plant. In this type of branching the 
primary axix or stem supports the lateral branches ; therefore it is also 
known as monopodial branching. 

Examples—Polyalthia longifolia (Annonaceace), Lawsonia inermis 
(Lythraceae), Hibiscus sp. (Malvaceae) etc. 


II. DICHOTOMOUS BRANCHING :— 


In this type the apical mass of tissue bifurcates due to the division 
of a single or a group of pyramidal cells at the apex which by 
further divisions produces two branches of equal dimensions in a 
forked manner. The tips of daughter branches may again fork 
in the same manner, e.g. found chiefly in Dictyota dichotoma (alga), 
Lycopodium (pteridophyte) and Clinogyne dichotoma (Marantaceae— 
an angiosperm). ; ` 

It may be of two kinds e.g., (i) normal and (ii) sympodial 


(i) Normal dichotomy :— 


i in axis bi ing two branches of 

ere the tip of the main axis bifurcates forming 
pai dimensions. The daughter axis branches in the same manner 
as the main axis,e.g. Lycopodium clavatum, Psilotum tripuctrum— 


pteridophytes. E 
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is bi tes, forming two branches of 
yc qme axes grows more vigorously 
iy be either, 


e sided branching or (b) Scorpioid, branching. 


| 
Lateral 


| 
Racemoseor Cymose 
indefinite or or 
monopodial definite 
i I e.g. Polyalthia or 
.  Helicoid longifolia sympodial 
dichotomy is 


l a 
Uniparous Biparous Multiparous 
hae e.g. Mirabilis e,g. Croton 
| Jalapa bonplandianuny 
d : l 
.. Scorpioid cyme Helicoid cyme 
|. eg. Vitis vinifera e.g. Saraca.i dien 
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dolia ples according to the nature, duration and modes 
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7. Write aa illustrative account of the subaerial modification of stems you 
studied. 


Refer article 2.17 a 
8. What isa branch? Tabulate the different kinds of branching. 
Refer article 2.19 


9. Give an account of the morphology of four vegetative organs commo 
used for the propagation of economic plants. 


Refer articles 2.17 or 2.16 


10. Whatisa bud? Describe the different types with reference to their 
fication and functions. 


Refer articles 2.9 ; 2.10 ; 2.12 
11. Write morphological notes on :— 
(a) Tendril of Passion flower (Passiflora species)—See article. 2.6, B() 
3, page i 
(b) Tendril.of Gourd (Cucurbita)—See article 4.2 Chap. 4. 1 
(c) Tendril of Smilax—See article 2.6 B (c) 3, page 31 ta 
(d) Stem of Vitis—See article 2.18(a), page 41 
(e) Cymose branching—See article 2.19, page 43 
(f) Phylloclade of Opuntia—See article 2.18(c), page 42 
(g) Shoot of phanimansa (Opuntia dillenii)—See article 2.18. 
(h) Cladode of Asparagus—See article 2.18 (c), page 42 
(i) Stem of ‘Ol’ (Amorphophallus) —See article 2.16 (3), page 39 
(j) Stem of Onion (Allium cepa) — See article 2.16 (4), page 39 
(k) Thorn of Duranta—See article 2.18(b), page 41 
What is a tendril? Describe the morphological nature of the tendrils 
studied by you. t 
Refer article 4.2, A, Chapter 4. 


12. 


issimi ral members 
+ Leaves are flattened (as ly green 
from the stem or E aide from the nodes (the 
° developed in acropetal or SUA the point of atta. 
a leaf originates and it comp 

leaf round the stem or branch). 

es bear buds at their axils and are 

Jn. 

a Typical Leaf (Fig. 0, : 
popodium—It comprises 
esta the leaf with the 
ie of hypopodium and that 
ontinuous it is difficult to 
the hypopodium from the 
the point of union of the two 
byaswelling of the hypopo- 
a type of cushion known as 
3.1. The cushion forms a kind 
most surrounding the stem, as in 

jeraniaceae). 
or Mesopodium or Leaf stalk—It 
ng or short cylindrical non-mem- 
Of the leaf in direct continuation 
- The petiole is present in 
nd then the leaves are known as 
5; in some leaves petioles are 
nt, such petioleless leaves are 
e leaves. Examples of sessile 
und in Argemone mexicana (Papa- 
ora diffusa (Gentianaceae), etc, 
Petiole instead of being 
be flattened, gheathing the 
t ometimes the Fig 34-- Pies 
k Of the leaf Base of pini? leat 
ngle to the indica. 
known 


as peltate leaf—typi : 
Nymphaeaceae), 5 eaf—typical example js 


Or Epipodium or Leaf blade—{t is usuall i 
n, expanded portion of the leaf and pre kird 
oad The part of the axis of leaf (phyllopodiu 
> ade Into two Symmetrical pa E 
1D. 


MS very of ten, 
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in many cases form a net w ivi i 
ork giving rise to vei ich carry 
food and water conducting elements. - “sot sa 


Fig. 3.2—Parts of a typical leaf. 


3.3 Kinds of Leaves: 


(a) Foliage leaves—These are the 
common green leaves which are concer- 
ned with the photosynthesis, respiration 
and transpiration. These leaves are 
lateral appendages of the stem or 
the branch, and develop at the node. 

(b) Seed leaves or Cotyledonary 
leaves i.e. the leaves of embryo forming 
a first pair of leaves during germina- 
tion, these leaves are attached to the 
axis of the embryo of the seed (Fig.3.3). 

(c) Scale leaves or Cataphylls are 
thin scaly or membranous structures, 
they occur on underground stems and 
branches, e.g. rhizome, corm etc. ; 
such membranous scale leaves may be 
present occasionally on runner e. g. the 
runner of strawberry (Fragaria vesca, 
Rosaceae). Scale leaves are sometimes 
found growing peta on pon stem NE 
or on branches of ordinary plants, e.g. 3 Me"; 
many plants of the family Euphor- Fig. 3.3. Cotyledonary leaf I 
biaceae. Morphologically scale leaves of Ricinus co eth s 
or cataphylls are the reduced forms of foliage leaves. 
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es sophylls are the special leaves either 
Oen or may be ordinary foliage leaves 
sloping at the base of individual flowers or 


Sporophylls—These are the leaves of a 
foliage leaves. Sepals, petals, perianth etc. 
ophylls are spore bearing leaves concerned 
mens and carpels are the sporophylls of 


The first few formed leaves on a stem or a 

ther leaves are termed prophylls. Generally 
monocots and two prophylls in dicots. 
may be modified into spines and tendrils. 


stipule is the outgrowth of hypopodium or leaf 

st is a tiny structure growing on both sides 

but in many cases they are large and conspicuous 

to discharge special functions. . 

There are several kinds of stipules, viz :— 

dnate, (ii) intrapetiolar, (iv) interpetiolar, 
us, (vii) tendrillar, (viii) spinous and 


es. spits 2 


les (S), A—F 
D—lntrapetiolar E 


osa Sp. (Rosa cese) i. 
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(Rubiaceae). This type is characte 


(iv) Interpetiolar stipules are present in most of the plants of I 


family Rubiaceae e.g. Ixora (Rangan), Anthocephalus 
(Kadam) etc. These stipules are small, : 


appear on the stem at the node. 


(v) Ochreate stipule—Ochreate stipules are sheath-like and m 
or less tubular in structure, enclosing greater portion of the int 
node. In this type several stipules unite together to form ` 
enveloping sheath. These stipules are the characteristic featu 


the family Polygonaceae, e. g. Polygonum barbatum (Pani ma 
Rumex vesicarius (Chuka palang) etc. 


MODIFIED STIPULES— 


(vi) Foliaceous stipule—Foliaceous stipules (Fig. 2.11, S) are v 
conspicuous and large leaf-like on the both sides at the leaf b 
In Pisum sativum (Papilionaceae), the foliaceous stipules look Jil 
large leaflets. In Lathyrus aphaca (Jangli matar, Papilionaceae), 
entire leaf is modified into tendril, the large foliaceous semi-triangulat 
stipules do the function of leaves. I cq 

(vii) Tendrillar stipule—In this type the stipules become coily, 


slender, tendrils which help the plant in climbing up. Tendrilla 
stipules are found in Smilax zeylanica (Liliaceae). 


ig. 3.6—Spinous stipule (s) of - 
ey acta Bp. Sh LIT e 


Fig. 3.5— Tendrillar stipule (s) 
of Smilax sp. 


are those which are modified to form 


(viii) Spinous stipules Ziziphus 


spinous structures, e.g. in Capparis spinosa (Capparidaceae), 


b 
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nted structures. 
or Bad-scales (Fig. 2.21) —When stipules 


Fig. 3.7— Convolute stipule (s) of 
Ficus sp. 


'inous stipules, (e) as organs of support by 


various Leaf Apices: The apex of the 
S Various Shapes. The Shape of the leaf 


* The following are 
of leaf apices : 


of longer acute apex, the sides of which are 
Apex with sides having Curvature. Exam les : 


Ecbolium (Acanthaceae) etc, 
pointed—the sides of which are 
Ples : Mangifera indica 
ceae) etc. 
Pex is not Sharply an led but blunt, 
Shalensis (Moraceae), : 


long, slender, tail-like (caudus= tail 
- Example : cus religiosa (Moraceae). 
X terminating into a thin thread-like 
4 sp, Usaceae ), Flagellaria indica 


toan elongated Sharp.poj 
(Agavaceae) and many memi a 
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Retuse—The leaf apax is obtuse an 
in the middle. 


(Ericaceae) ete. 


d with a broad sh 
Example: Bauhinia (Caesalpinaceae), Ve 


Truncate—The leaf apex is flat, more or less straight acros 
slightly concave as if cut abruptly at the tip. Example : Lirio 
tulipifera (Magnoliaceae). 


TRUNCATE WU 2 : ab | 
Fig. 3.9—Leaf apices. ee Pi aa 

Tendrillar—Here the leaf apex forms a coily tengr like struc! 
Example : Gloriosa superba (Liliaceae). 
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of leaf lamina or leaf blade is dependent 
leaf blades are subject to varieties of 
or completely free from them. The 
are recognised : 

type, the leaf margin is even and 
(Anacardiaceae), Artocarpus sp. (Moraceae), 
s sp. (Moraceae) etc. 


D. Dentate 


Spiny 
Different types 


G. Lobed 

I hen | 

W ( the leaf mar in 

longifolia Anonaceae . » 
ar: n of lami ike the teeth 
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ofa saw, e.g. Hibiscus rosa-sinensis (Malvaceae), Azadirachta i 
(Meliaceae), Rosa sp. (Rosaceae) etc. , 


4. Dentate—When the teeth of the leaf lamina are shar 


projected outwards almost at right angles to the margin, 
Nymphaea esculenta (Nymphaeaceae). 


5. Crenate—When the margin 4s toothed but the 
rounded e.g. Plectranthus incanus (Labiatae), Nepeta g 
(Labiatae), Bryophyllum sp. (Crassulaceae), Centella asiatica ( 
ferae) etc. 

6. Spiny—Margin of the 
tions ending in spines, e.g. 


Å BUSERRATE B AETROSERRATE C BEDENTATE D sr.cnRENATE. 


Fig. 3.11— Different types of leaf margins. 


9. Bidentate—When the margin is toothed and the teeth are s 
again dented. E n. 
p Bicrenate—The margin toothed and the teeth are again e 1 
11. When the margins of the blades are more deeply amat id ] 

in the above instances, the ee pape T odd ue 
the margins ofthe lea ade lobe ed, Be 
oe Carey rateeny: Chrysanthemum (Compositae) etc 


3.7 Covering or Vestiture of Leaf Surface : 


j s well as 

The leaf surface comprises both the UB U £e dora. ine 

the lower i.e. ventral surfaces of the entire bla: eae 329 Dd vey 

is provided with coverings or vestitures ; those ei eO 

ooth, shining, rough to touch or may be p inca Judd prickles 

on aces e g. soft hairs, stiff bristly hairs, sp settee Hor 
Fa following terms are used to describe I 


* 


leaf surfaces : = 
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(a) Glabrous— The surface is smooth due to complete absence 


i i hs, e.g. 
like hairs or any other outgrowths, 
z MEA (Anacardiaceae), Syzygium jambos (Myrtaceae), 
Artocarpus heterophyllus (Moraceae) etc. 


Glaucus—Tke surface is covered with waxy coating causing 
a either e pilih or bluish tinge, e.g. Calotropis sp. (Asclepiada- 
cox), sp. (Nymphaeaceae) etc. 

Glutinous or Viscose—When the surface is covered with a 
ak exudation, e.g. Nicotiana tabacum (Solanaceae), Cleome 
viscosa (Capparidaceae) etc. 

Seabrous—The surface is rough to touch due to the presence 
of rigid points, e.g. Ficus cunia (Moraceae). 


J Spinose or Spinous—The surface is covered by spine-like 
eq Solanum ferox, Solanum xanthocarpum (Solanaceae) etc. 
o 


Rugose—The surface is provided with small folds and shallow 
depressions, e.g. Rubus rugosus (Rosaccae). 


(g) Pubescent or Hairy—When the surface is covered with 


Various types of hairs or hairy outgrowths. The presence of the 
difference in texture, 8 presence of the 


: Structure and arrangement of such hairs 
determines the terminology. Therefore hairy leaves are of the 


(O) Puberulous—When the leaves are covered wi 
-When with v ll, 
Short, fine and straight hairs at right angles to the MUNERA ton 


(ii) Woolly—Covered poti dense, long, soft entangled and curled 


S , AN » Y 
MG n 


A 
fii 


Villous 


Tome: 
ntose 
Velutinous 
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(iii) Villose —When covered with more or less erect, dense, lon 
and soft hairs. , 


Š .Gv) Pilose—Covered with very long, rather straight and sof 
airs. ( 


(v) Tomentose—When covered with felted woolly hairs, generally 
curled and adpressed to the surface. > 
(vi) Velutinous—When covered with velvety, pile-like, erect, 
straight dense hairs much longer than puberulous. 
(vii) Scabrous—When covered with scattered harsh hairs 
bulbous bases. 
(viii) Hispid—Covered with bristly, dense, erect, straight and 
stiff hairs. z 
(ix) Hirsute—When covered with short erect stiff (but not harsh 
hairs. 
(x) Strigose— Covered with bristle-like harsh, straight, soft and 
stiff hairs. ". 
3.8 Shape of the Lamina or Leaf Blade with reference to general 
outline (Figs. 3.13-16). 


Following types are noted : 


(A) Acicular—When the leaf blade is very long, narrow and 
cylindrical having the shape of a needle, e.g. Pinus sp. (Pinaceae). ` 


(B) Linear—When the leaf blade is long, narrow and flat LEX 
blades are slightly broader, e.g. in many grasses, Polianthes tuberosa 3 
(Amaryllidaceae) etc. 

(C) Lanceolate—When the leaf blade has the shape like that of 1 
alance i.e. leaf blade is wider in the middle and narrower towards —— 
the apex and base, e.g. Bambusa arundinacea (Gramineae), Polygonum 
barbatum (Polygonaceae), Nerium sp. (Apocynaceae) etc. ^ 

is wi ith two 

D) Oblong—When theleaf blade is wide and long with tw 
pho. running parallel e.g. Musa sp. (Musaceae), Colutea arbores- 
cens (Papilionaceae) etc. 4 

ES is long, narro 

E) Subulate or Awl-shaped — When the leaf blade is 
d cease tapers from base to apex, e.g. Ulex obire 
(Papilionaceae), Salsola kali (Chenopodiaceae), Isoetes sp. (p 
S i d ie. leaf blade 

Ovate—When the leaf blade is egg-shaped i.e. ipai 
ee at the base than at the apex, e.g. Hibiscus ros a-sinensis 
(Malvaceae), Solanum nigrum (Solanaceae) etc. pee 

(G) Obovate—When the leaf blade is inversely bol 
leaf blade broader at the apex than at the base, n. 
catappa (Combretaceae), Cassia obovata (Czsalpinaceae 5 Sins 

(H)  Spathulate— When the leaf blade is broad and round a 


apex and tapering narrowly towards the base, c.g. Bellis perennis 


x 


ge LEAF 57 


(Droseraceae), Phyla nodiflora 


af blade is heart-shaped, with deep notch 
Piperaceae), Sida cordifolia (Malvaceae), 


3.13—Di 
; Different types of leaf lamina 


; ©—Lanceolate 
; H— D= 

eante; I Cort ; E Subulate ; 

; J—Obcordate, 


i 'auhinia "a = Cont weed, 

hen Shaped m 

= ime eat blade is arro E. 

| + and two basal lobes are “ey "== 
Pointed down. 


58 STUDIES IN BOTANY 


wards, e.g. Sagittari ifolii i ] 
(CORO DAN ane sagittifolia (Alismaceae), Tpomoea L 


(L) Hastate—Wh t 


directed outwards, e. A vn est blade hast wo pointed b 


g. Typhonium trilobatum (Araceae). 


(M) Reniform—When the leaf blade is ki n 
ei - € 
apex of the leaf blade is rounded above with s petens he 
€.g. Centella asiatica (Umbelliferae). 


N 


Fig. 3.14— Different types of leaf lamina, 


K-—Sagittate ; L—Hastate ; M— Reniform ; P—Orbicular ; ae 
N—Lunate ; O—Cuneate. S: 


(N) Lunate—When the leaf blade has the shape like a h 
with two pointed basal lobes, e.g. Passiflora lunata (P 
Adiantum lunatum (pteridophyte) etc. 

(O) Cuneate—When the leaf blade is wedge-sha 
and broad with a narrow base e.g. Pistia stratiotes (A 

(P) Orbicular— When the leaf blade is nearly circuli 
Nelumbo nucifera (Nymphaeaceae), Tropaeolum majus (Tropae 
etc. gi 
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š t equal 
f of the lamina are no 
m. M roca sp. (Meliaceae) etc. 


i re or less like an ellipse, 
ED Flour elastica (Moraceae) etc. 


' Raphanus sativus. Fig. 3.16—Elliptic leaf lamina 


hen the leaf blade is Sickle-sha. 
), Arandinaria falcata (Gramineae) etc. 
Besides the above mentioned shapes of the 


eaf may be of different types due to varieties 
e blade, When the leaf 


ped e.g. Eucalyptus 


Ç en the Upper part of the 
Part, e.g, Eriobotrya japonica (Rosacessy = 
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2. Conduplicate—When the leaf is folded | I 
midrib, e.g. Magnolia grandiflora M e Pashia REND : 
Pinaceae), Psidium sp. feret PH aeree) Pa 7 O 

3. Plicate When the 1 


3 1 eaf is folded several ti itudina 
along its main vein, e.g. Bo. Se IE 


rassus flabellifer ( Palmae). 


4. Crumpled—When the leaf is folded į Brassic 
oleracea var. capitata (Cruciferae). oe regularly, eg 


3. Circinate—When the leaf is rolled up from the apex to t 
base like the tail of a dog e.g. ferns, Cycas sp. imde i 


Convolute 
Fig. 3.17—Different types of ptyxis. 


6. Convolute—When the leaf is rolled up from one margin to — 
the other in one direction e.g. Musa paradisiaca (Musaceae), Canna — 
indica (Cannaceae) etc. 


7. Involute—When the two margins of the leaf are rolled upin | 
the upward direction towards the midrib e.g. Antigonon leptopus y 
(Polygonaceae), Artocarpus heterophyllus (Moraceae), Nymphaea =Z, 
stellata (Nymphaeaceae) etc. 2 à : 

8. Revolute—When the two margins of the leaf are rolle „up in 
the downward direction towards the midrib e.g. Nerium indicum 
(Apocynaceae), Terminalia catappa (Combretaceae) ete. 5 


B. VERNATION (Fig. 3.18)—The different types of vernation, as 
seen in transverse section of the bud, are as follows : AE oh 


i ithout any s: 
à lvate—When the leaf margins touch each other wit 
Pda e.g. Calotropis procera (Asclepiadaceae), Hibiscus rosa- 
sinensis (Malvaceae) etc. n 
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i a 
are arranged in sucl 
Bier n Ret margin is overlapping 
A E metel (Solanaceae). a 
ss leaf is completely internal, ano sesh 
Ei other leaves are arranged in 


nigra (Cruciferae). 


tm. 
9 


CONTORTED 


HALP-EQUITANP SUPERVOLUTE 
Fig. 3.18—Different types of vernation, 


—This is similar to valvate type, but here the 
Slightly bent inwardly instead of m 


erely touching 
-When the leaves overlap the next Opposite ones by 
in à regular fashion e.g. Acorus calamus (Araceae), 
eae), Vanda roxburghii (Orchidaceae) etc. 
nt or Obvolute—When Overlapping of leaves like 
omplete so that only the leaf blade 
Other, e.g, Salvia Sp. (Labiatae). 


-In this type th Convolute leaf c. 
Single rolled up bud “8. Prunus 
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3.11 Phyllotaxy : Phyllotaxy is the mode of arrangement. 
leaves on the stem and the branch. The main principle of 
arrangement of leaves on the stem and the branch is to avoid sha 
one another so that each and every leaf may get maximum f 
of sunlight to perform their normal function, i.e. the manufactu [ 
carbohydrate food. Eames and MacDaniels (1947) have also tat 
that “leaf arrangement on the stem, or phyllotaxy, and varia 
Size and shape are doubtless in part correlated with the expo 
the photosynthetic surface to light". This arrangement of lea 
à definite manner may also bear an inti 
vascular skeleton system of the axis. 


Fig. 3.19 — Different types of phyllotaxy TT rx i - 
A—Alternate, B Opposite superposed, C--Opposite decussate, D m ` 
Phyllotaxy is of three principal types viz : (i) apo g pbosite i 
or acyclic, (ii) opposite and (iii) whorled or ed cyclic Corgi 
and whorled or verticillate types are commonly ca š SE 
phyllotaxy. ` 


THE LEAF is 


PHYLLOTAXY (i.e. acyclic type)—In 

d at each node in a spiral manner all 
ary spiral line is drawn winding round 
consecutive nodes. Hence it is termed 
imaginary spiral line is known as genetic 
ary vertical lines are drawn from upwards and 
und that all the leaves of the plant lie in a 
vertical lines ; these vertical straight lines 
re known as orthostichies (singular, ortho- 
ed upon the spiral of the stem between 
lled divergence. The angle subtended by 


Different t 
pus ypes of alternate 
E genetic spiral ang orthoses % 


n H The 
; n as n, * 

tre Is know a gular di ver Eence 
ound out by the following formula 


s s: d circle or Circles 
faves or orthosti of 
chies Of a 
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Spiral phyllotaxy is of several kinds, s ichous or 

a " » uch d 
$ phyllotaxy, (b) tristichous or à phyllotaxy, d d 
š phyllotaxy, (d) octastichous or š phyllotaxy ete, 


In this type, the third leaf base falls vertically above the first, the 
rd and so on. So 


hence the leaves are equidistant. Therefore any two consecutive leav 
are placed $the distance ofa circle, this is constant ; so the ar le 
subtended i b T or successive leaves in the centre of 

š 1 (circle ° 19no : 
stem 15 2 (orthostichies) of 360°=180' , hence the angular div 
is 180° (Fig. 3.20). 


(b) Tristichous or Three-ranked or į phyllotaxy—This type is 
found in all the members of the family Cyperaceae (Cyperus rotundus 
etc.). The first, fourth, seventh leaf bases are on one orthostichy 
the second, fifth, eighth leaf bases 
the second orthostichy ; third, si 
and nineth on the third orthostic 
The three consecutive leaves at 
different ‘nodes are equidistant ie. 
upto the base of the fourth leaf there 
is one complete turn or circle which - 
includes three leaves. Three ortho- ` 
stichies are found in this case, As 
the divergence between any two cor 
secutive leaves being 2rd of a circle, — 
the angular divergence is } of 360° — 
=120° (Fig. 3.20). b 

(c) Pentastichous or Five-ranked — 
or 2 phyllotaxy—This type of phyllo- 
taxy is found in Hibiscus ro. 
(Malvaceae ), Ficus benghalensis 
(Moraceae) etc. In this case the — 
sixth leaf base stands vertically above ` 
the first, the seventh leaf base above ` 
the second, the eighth leaf base ` 
above the third and so on ; upto the ` 
base of the sixth leaf there are two — | 


i —A, Pentastichous or 1 R V 
je Nas akad phyllotaxy ; complete turns including five leaves. - 
B, Octastichous or eight-ranked Hence any two consecutive lea E 

phyllotaxy. are placed at 2th distance of a 


ichi lar diver, 
five orthostichies are found, therefore the angu 
iat 360°=144° (Fig. 3.21, A). Sd 
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i of 
or eight- d or š phyllotaxy—This type 
4 COM "Hibiscus mutabilis Aamir 

ERO Thevetia peruviana (Apocynaceae 


Tristichous Pentastichous 


-Transverse projections of different types of 
alternate phyllotaxy. 


h leaf base falls Vertically above the first, the 
d, the eleventh above the third and so on ; there 
hies on which all 
ted. The consecu- 
ed at 3th distance 
o the base of the 
three complete 
ch include eight 
angular divergence 
- (Fig. 3.21, B). 


ype of phyllotaxy 
S are not possible to 
big fraction of the 


Xt upper and lower Fig. 3.23— 


Parastichous ty f 
called Opposite Phyllotaxy (shown b Po 


leaf 
(Rubia- bases only) in Phoent sp 


"Posed When the ono: 
| in one plain i. e. rie Consecutive pa 


rial] 
ng à cross, it is called / pros d on top of 


, 
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e.g. Psidium guajava (Myrtaceae uisqualis indica, 
benghalensis (Malpighiaceae) ae aia i e- 

3. WHORLED PHYLLoTAXY—In this type of arrangement three or 
more leaves are arranged at each node ina circle or whorl round the ` 
stem. Leaves are arranged at each node verticillately. The leaves 
are so nicely arranged that the respective leaves of the whorls of 
upper and next lower fall between the inter spaces, so that no over 
crowding of leaves takes place, e.g. Allamanda sp., Alstonia scholaris, 
Nerium indicum (Apocynaceae) etc. 


3.12 Fibonacci series: In alternate or spiral phyllotaxy the 
leaves are arranged with the divergence of 


NEXU LE 
2.3.8 $13 2 03073 
In this series it is observed that in each fraction, the numerators ` 
and denominators are the sums of two preceding fractions. Thus 
I 1.415122: 14223) 2:355 RES ESI E 
23 243 9 345 8 548 13’ 8r13^721^— 
The value of the different fractions varies accordingly between } and r 
i, the angular divergence between two consecutive leaves nearing - 
1371? on the average. The great majority of spiral leaf arrange- ` 
ments can be expressed by the terms of divergence known as fibonacci 
series. Hence, in the arrangement of leaves there is a mathematical 
calculation. š i 1 
The mean angular divergence of successive leaves is known as 
fibonacci angle. This fibonacci series was discovered by Carl 
Schimper and A. Brown. Hence this series is also known as 
Schimper-Brown series of divergence after the name of discoverer. 
rational relation of the divergence to circumference ` 
of Ee Henao that with the increase in number of leaves there ` 
occurs the location of definite number of leaves one above the other. — 
Wienar has shown that in a fibonacci series of arrangement equal 
distribution of leaves takes place in a minimised space. f. 
3.13 Simple and Compound Leaves: There are two types of ; 
leaves, e.g. (a) simple and (b) compound. dy! 
SIMPLE LEAF—A leaf is said to be simple when it possesses 
Ne s and consists of a single leaf blade or doe. is 
due to the union of membranes of the midrib and its brane i d 
The margin of the leaf blade may be entire or incised to any ris : 
(therefore only lobed) but the incision never touches the base o! 
idrib or the petiole. i : 
x (B) CoMPOUND LEAF—A leaf is said to be np bc 3 
it possesses two or more articulations ang the pu d a bro : 
i f small segments, called leaflets, 
BP into io bind ich hthe base of the non-membranous. 
aniston oo en deis free from one another and ` 
idrib or the petiole. The leaflets are free 3 
god on the axis i.e, midrib known as rachis. The "dec may 
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on the sides of the rachis or terminally 
(petiole). 


° (A, C) and compound (B, D) leaves. 
—Compound leaves are of two types viz, 
UND LEAF :— 
pound leaf, the lea 
ite 


flets are arranged either 
anner on both Sides t 


Of the rachis 


in. 
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single leaflet—so the rachis bears at ape: i T 
Clitoria ternata (Papilionace eum e ess ers 
Pa M CERT pill cee), Rosa centifolia (Rosaceae), Azadira ch ‘ 
(b) Bipinnate—In this case secondar u 

1 n y branche oduc 
from the rachis which bear smaller leaflets called planeta 
ipin ate, hs paneer € leaf is twice pinnate. Examp 

ia arabica, Mimosa pudica (Mimosa i 

(Caesalpinaceae). i f opao) S š 


Fig. 3.26— Different types of pinnate compound leaves. 
C—Bipinnate of Acacia sp. D—Tripinnate of Moringa sp. 


* (e) Tripinnate—In this type, 
branches, which -in turn again p 


e.g. Moringa olifera (Mo a 

ceae), Oroxylon sp. (Bign 

jaceae). fra 

(d) Decompoun 

the leaf is more than thr 

pinnate i.e. when the. 

goes beyond the n 

; condition, e.g. Da 
var. sativa, Foenic yul 
Coriandrum sativum 
ELA fera), species of Cosmos 

g^ positae) etc. (Fig. 3.27) 


LEAF :— 

X A palmately comp: 
ig. 3.27—Decompound leaf of A 
Fig: 3 UEN duce. is formed when th 
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number of leaflets which seem to be 
int like fingers of a palm. In palmately 
does not develop at all—-hence leaflets 


aflet is articulated to the apex of 
s aurantium, Citrus limon (Rutaceae) 


Pm are articulated to the apex of the 
Zygophyllaceae), Bignonia grandiflora 
ta (Caesalpinaceae) etc. 


articulated to the üpex 


e.g. Bomb 
ridaceae) Fr a e 
Studi j 
Citra Banerji [1952, Bull, Bot 
Pound leaf’ i mot aple ka K 
"re al^ is not valid idi, 
x apio ith trifoliate impar, ^ 
ate pinnate " Crotalaria trifatian rate waf 
eb 1s articulata ` donc 
ls are articulated tae oa Bani i 
Dex of the ‘Ohate 
Petiole eg. 
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3.14 Distinction between Compound Leaf and Branch : 


(1) Terminal bud is absent in case of a co 
a branch always bears a terminal bud. Eie 

(2) A compound leaf bears a bud (axillary bud) in its axi 
: ra ved axil 
itself never arises in the axil of another leaf. ^ ee does not 
any axillary bud, but itself occupies the axillary position of a leaf. 

(3) Leaflets of a compound leaf do not bear axillary buds, 
leaves borne on a branch have one or more buds in their axil. 

(4) A compound leaf falls off leaving a scar on the branch, but 
branch never falls off and as such no scar is formed on the stem. 

(5) The leaves are arranged in acropetal order on a stem or à 
ud but there is no such arrangement of leaflets in a compo 
eaf. 

(6) A branch is provided with nodes and internodes, but 
rachis of compound leaf is without nodes and internodes. 


3.15  Venation : 


As the leaves are the food manufacturing organs, they should be supplied 
nutrient salts and water, for such purpose profuse conducting system com j 
vascular bundles for carrying water and translocation of food materials must ramify 
in the leaf blade. These conducting channels form the veins and their branches Le. 
veinlets. The leaf blade is adelicate organ and is constantly subjected to 
wind action. So a leaf blade or lamina should be provided with fy 
mechanical tissues—this purpose is also fulfilled by veins and veinlets. They 
give mechanical strength and rigidity to the leaf blade. 


The manner in which the veins and veinlets are arranged over the 
leaf blade or lamina is called venation. 4 


There are two principal types of arrangement of veins and veinlets ` 
on the lamina, e.g. (a) reticulate venation and (b) parallel venation. ý 


I. RETICULATE VENATION—This type is distinguished by anasto- - 
mosing network formed by veins and veinlets owing to their irregular 
repeated branching on the lamina. Reticulate venation is the 
characteristic of the leaves of dicotyledonous plants. 

in some monocotyledonous 


eptions—This type is also found in s c 
hae Colocasia esculenta (Araceae), Smilax zeylanica (Liliaceae), 


Dioscorea alata (Dioscoreaceae) etc. 
Types of reticulate venation—It is of two types: E 
i i i main 
icostate type or Pinnate — In this types there is one | 
i A dne midrib or costa which branches off giving rise to 
abet branch forming a network, e.g. 


ins, these again repeatedly 
Ber ra indica (Anacardiaceae), Artocarpus heterophyllus, Ficus 


religiosa (Moraceae) etc. ' S 
j Palmate—In this, there is more than 
a et S sch arise from the tip of the petiole ; 


ibs (i.é. cost ; C 
du. us p or costas radiate from the petiole tip and the veins 


forming a net-like structure. 
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It is of two forms :— 


osta or strong 
'ulticost. t—Here more than one c prone 
n dem tip of the petiole at the base of the platens 
= E Cinnamomum tamala (Lauraceae), Ziz 
E (Ria ascese) etc. 


maT 
eS 


PT 
E 


Fig. 3.29 Different types of venation 
A i unicostate of Ficus religiosa, B 
convergent of Cinnamomum sp. C— 


—Reticulate multicostate 
divergent of Cucurbit, 


Reticulate multicostate 
a maxima, 


° Or strong 
of the lamina at nr nd instead 
h 1 other, e.g, Cucurbita 
( Cucurbitaceae), Hibiscus rosa-sinensis (Malvacea), Carica 

Phorbiaceae) etc. 


i charac. 
ons. Exceptions—also f. à 
«> COONS, e.g, Caloph llum i Son 
et phyllum inophyllum, Ga 

Types of parallel Yenation—It is of two ty 


0 j — 
ihe minent midrib Or c atte In 


this i 
a running fro a there is a s 


pes : 


imple 
the apex of 
all another whic h 
paradisiaca (Musaceae), anna 
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(b) Multicostate type or Palmate—In this case there is n 
than one prominent ribs (costas) which arise from the b; 

leaf blade, and secondary veins i.e. veinlets are formed t 
in parallel manner. 


It is of two forms :— 


G) Multicostate convergent —When more than one c 


Strong ribs run from base of the lamina parallely and conve 
the apex, e.g. all grasses. 


Fig. 3.30 - Different types of venation ` 


i isi. — Iticostate 
— icostate of Musa paradisiaca. E—Parallel multicosta us 
Qu ss Ot rats: F—Parallel multicostate of a fan palm (Borassus sp.) r 


a 


j i I trong ribs 

ii) Multicostate divergent—In this form all the str S 
Ae. diverge out from the tip of the petiole towards the 

e.g. all fan palms (species of Borassus, Livistona etc.) 


Chart showing different types of venation 


Venation 


" 1 : 
eee Para el. LL 


| [ sed 
i t Multicostate ^ Unicostate : 
x proc l e.g. Musa paradisiaca 
indica | ; ! 
cob: Perei, ^ eor 
.g. Cinnamomum e.g. Cucurbita .g. Bambus 
£ phe maxima ~ arundinacea 
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wes with special reference to Insecti- 


: e leaf is modified into a slender, coiled 
ies aphaca (Papilionaceae). In case of 

, the terminal leaflets are modified into 

IN 4 F 
al 


Phyllode 
( Petiole) 


Fig. 3.31—Phyllode of Acacia 


A auricul, 
° of transpiration, "c 


e modificati 
mucilage, nou 


of 
hese ty the normal 


um (C 

20). — 
metimes | 

nt Biene, 
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dissected root-like structures. Their function is to absorb 
because the plant does not Possess true roots. 


7. Pitcher plants—The morphological nature of the leaves 
pitcher plants is discussed below :— 
Nepenthes khasiana (Nepenthaceae)—In this plant the leaf b `com: 
modified into a pitcher filled up with a liquid containing digest 
juices. The attractive colour of the upper part of such pitcher E 


n 


itcher. 
i i lant (Nepenthes sp.) showing pi 
Poe ur oret Pr Dischidia raflesiana Mig : 
B—Entire pitcher, C—Longitudinal section o n 


. 
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i attract the insects which fall inside the pitcher and get 
: lic a. The isins derived from the digested dead 
' y absorbed by the wall of the pitcher 
some botanists the whole leaf including the 
lade which is divisible into three parts, viz. 
ortion is the true lamina, the apex of the 
iril to some extent and finally the extreme 

3.32, A). 
ja (Sarraceniaceae) occur in bogs in many parts: 
erica. These pitcher plants have a rossette 


phyte Dischidia rafflesiana (Asclepiadaceae), a 
xit Of the leaf is found. Here the leaf is modified 
r With an apical opening. The opening is without any 

ier is not insectivorous in nature like that of Nepenthes 

s commonly found in Sunderbans (W. Bengal). After 
ler is collected inside the pitcher and is absorbed 
eloped from the nodes which enter the pitcher. 


s plants other than pitcher plants : 


w (Drosera 
~The 


Ç ce ~--Tentacles ` 
LU 

Fig. 3:33—Drosera sp, 

ia i 

ia stellaris for pus m 


Age tibulariacese)— 
y Catching apparate, EY 
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a rootless floating herb, commonly found in tanks. The b. 
borne on the segments of much dissected subme 
Morphologically the bladders are extremely metamorphi 
Segments £e. some leaf segments are transformed 

catching bladders. The mouth of each bladder is provid 
valve which opens inward and closes as a result of respo 
stimulus conveyed by sensory hairs situated at the entranc 


i — Utricularia stellaris showing entire pla 
dus Bohn caged bladder of the same. — 


bladder is a trap. 
f the bladder. Thus each d a trap 
Set aquitic animals. The products b the a y 
PE caught are absorbed by the gland 

bladder. "oe 
vanda—In Aldrovanda vesiculosa (Dros 
i a ae ‘heft the leaves are metamor pio ay 
od The leaves have expanded petiole, : 


(bg 
THE LEAF 
pa- 
B i the two 
midri ich acts as a hinge, so that. Y 
ud in Xm and opened along the hinge-like 
sides and the 
re are numer- 
which are 


[p  (Dionoea 
°) — This in- 


bogs. The leaves 
imple, Du and 
The petiole of each 
the leaf blade 


bout 10-20 bristly ARS um open er of 
leaf. margin. The rovanda vesiculosa. 


blade are capable of movement along the midrib 
pper surface of the blade is als i 


Which are sensitive 


Place 
Met with in 


many mono. 

vihase t Species of 

cia auriculoformis Pa tab + 
of 

yllodes of Gladiola de y» 

m, the two main lateral bundles a 
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prominent, forming pseudo midribs, than the two main median bundles 
are smaller and inconspicuous. Hence the isobilateral equitant leaf blades of 
of the members of Iridaceae are petiolar phyllodes. Tn Acacia sp. the peti 
phyllode is prominent and same as that of the members of Iridaceae, 


In case of many genera of Potamogetonaceae, the petiolar phyllode d 
the flattening in horizontal plane, is ribbon-like and is traversed by single 
of bundles or there may be no strict rules regarding the arrangement of b 
in leaf sheath and petiole ; sometimes petiole is similar to leaf sheath in ai 
mical structure in having single series of bundles with similar orientation of x) 
and phloem. Leaf base phyllodes also occur in many monocotyledons. In 
sheath i.e. leaf base phyllode, the leaf is further reduced, it consists of flattened b 
only. Leaf base phyllode occurs in several genera of Iridaceae and Liliaceae, 
Iris xiphoides (Iridaceae), Hyacinthus sp. (Liliaceae) etc. The petiole is 
short or reduced to minute apical structure or even lacking, hence the leaf con 
of flattened base only. In some dicotyledons, similar condition exists, e.g. the bud. 
scale of Fatsia japonica (Araliaceae) is a typical leaf base phyllode. In Mi Y 
callis sp. (Liliaceae), the entire photosynthetic structure i.e. leaf comprises "P. 
base only, petiole and lamina are suppressed entirely as it is a case of 
leaf base phyllode. 


3.18 Some Important Terms in relation to Morphology of Leaf t 


(1) PuLviNUS—Here the leaf base is swollen forming a 
cushion-like structure and is called pulvinus (Fig. 3.1). Common 
examples are Mangifera indica (Anacardiaceae), 
Mimosa pudica (Mimosaceae) etc. 


(2) SripEL—Stipels are stipule-like out- 
growths developing at the base of the leaflets 
of a compound leaf. Common examples are 
Vicia faba ( Papilionaceae ) and Desmodium 
gangeticum (Papilionaceae). 


(3) HETEROPHYLLY—Occurrence of different — 
forms of foliage leaves, particularly in aquatic — - 
plants, is known as heterophylly. The sub- 
merged parts of such aquatic plants have much 
dissected filiform leaves, whereas the non- 
submerged or aerial parts of the same have 
normal larger leaves. Heterophylly is found 
in Limnophila heterophylla (Scrophulariaceae), 
Sagittaria sagittifolia (Alismaceae) etc. 

eterophylly is not confined to the aquatic ` 

P pe in some terrestrial plants also, 
the young leaves are different in shape from 
the adult older ones e.g. the young earlier 
leaves of Eucalyptus globulus ( Myrtacee ). 
Ficus heterophylla (Moraceae) etc. are sessile 
and oval, whereas the adult older leaves of the 
same are stalked and sickle-shaped. Jes. 

(4) LEAF MosAIc—Plants, growin D 
: shady places where exposure to light i 
je : a minimum, have an vonderfo dE 
Fig.2- - Hetero lla and smal! leaves on the s m. e gaps 
Limnophila | 
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leaves 

large OPEN d up by smaller 

em Een surface is pues 

E e ds crowded together dmt 8 

sion en a dente ira 
ropae : 

e.g. Tropaeolum sp. 


is a membranous out 
le and lamina, e. 
es may be hair 


growth located at the 
8. leaves of Gramineae and 
» Scaly and very much distinct 


lamina. The axis 
Panded leaf base 


SELECTED QUESTIONS 

; Describe the parts of a typical leaf with their respective 
3.1 and 3.2 

lerstand by sim 


le 
nd leaves with fadi examples leaves ? Name different 


` Refer article 3.4 e. 
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What is a stipule? Describe various t ` A 
their functions. ypes of stipule with 


What is the difference between ptyxis and vernation ? 
types of ptyxis. 
Refer article 3.10, first para and A. T. 


What do you mean by venation? Describe the general 
venation of leaves. 


Refer article 3.15 


What is meant by fibonacci series and how they are determined 7. 
Refer article 3.12 


What is the difference between vernation and phyllotaxy ? à 
different types of phyllotaxy with sketches and examples. ë 

Refer article 3.10 (last sentence of para one) and article 3.11 
Explain cleariy with the help of diagrams the disposition of is 
with š and š phyllotaxy. What is the angular divergence in eac 
Refer article 3.11, (3 & 4) 


Give a short account of various types of modifications of lem 
special reference to the insectivorous plants. 


Refer article 3.16 

Write morphological notes on :— E 

(a) Pitcher of Nepenthes—Refer page 74. > 

(b) Alternate phyllotaxy—Refer page 63, first para. 

(c) Leaf of Sundew (Drosera burmannii) - Refer page 75. 

(d) Ptyxis—Refer article 3.10 A 

(e) Phyllotaxy—Refer article 3.11 

(f) Orthostichies—Refer page 63 (Ist para). 

(g) Distinction between a simple leaf and a cladode—Refer 
and} article 2.18 (C). P 

(h) Distinction between a compound leaf and a branch—Refer 

G) Cladode—Refer page 42, para 1. 

(j) Bladder of IE d WS 3.16, page 75. 

k) Heterophylly—Refer article 3. : ^ 

n Distinction between stipule and stipel—Refer article 3.4 (Ist 1 

article 3.18 (2). ^ 

(m) Distinction between stipule, ligule and auricle—Refer 

(ist para) and article 3.18 (5) and (6). 

(n) Fibonacci series—Refer article 3,12 

(o) Genetic spiral—Refer Ist para, page 63. 

(p) Leaf and stipules of Pea (Pisum sativum) — Refer 
and 3.4 (vi). 
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dom various changes in adaptations and 
I Noe. the organs of plants undergo 
regarding their shape and function. 


Analogy : Plant organs which resemble one 
renes Ene and function but differ 
ue morphological nature are called analogous ; 
nese organs is called analogy. Organs are said to 
h in their structure and function differ from 
e similar morphological origin and the study 
called homology. True homologous organs are 
in appearance and function but morphologically 
d structure, e.g. foliage leaves and scale leaves are 


of Homology and Analogy: A.’ Homology of 
ch resemble each other in external appearance 


analogous to tendrils) :— 


ELS COSTS aphaca, Papilionaceae) are 
s *4 EU fumum. Papilionaceae) are 
. Lid eae per oe modified stem apices and 
PLUS Findet patel anaa E Bomologous, to 


ae) are homo- 
foliage leaves 


of Clemati: i 
: TRIS, AJ S gouriana (Ranunculaceae) are modified 
Hils of Cardiosperm 
aie um — helicacabum i 
19) Ppus (Polygonaceae) are modified iln scot) 
ol. I) 
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B. Homology of de-ensive organs which resembl. outari : 
spines, etc. i.e. analogous to those structures — 1 , "- 
(1) Thorns of Duranta repens (Verbenaceae, Fig. 2.26), B 
villea sp. _ (Nyctaginaceae, Fig. 2.15), pes " 
(= Hygrophila spinosa, Acanthaceae), Flacourtia sp. (Flaco 
are modifications of axillary buds or branches, hence th 


logous with them, but being defensive in function they are ana 
structures, 


(2) Spines of Citr 
Aegle marmelos (Ru 
Fig. 4.1), Opuntia d 
(Cactaceae, Fig. 
beris sp. (Berb 


mauritiana ( Rham 
Acacia sp. 1 
Mimosa pudica(Mi 
etc. are modified stipule 


(5) Spines of Sj 
littorius (Gramineae), 
shore plant are mo 
tion of bracts. 


(6) Spines of Phoenix sp. (Palmae), Agave sp. (Agavacea 
the modification of leaf apices. 2 


C. Homology of photosynthetic organs :—Phylloclades, Clado 
Phyllodes etc. of various plants perform the function of le 
differ in origin and structure—hence they are analogous to leaves 


(1) Phylloclades of Opuntia dillenii (Cactaceae, Fi 
Muehlenbeckia platyclados (Polygonaceae), some species of Ei pl 
and cladodes of Asparagus racemosus (Liliaceae, Fig. 2.28 
homologous with the stem, being modifications of it, but they 
analogous with the leaves as they are performing the fun t 
leaves. E 


(2) Phyllodes of Acacia auriculoformis (Mimosaceae) ar 
fied petioles. (Fig. 3.31) ae 


(3) Foliaceous, large, leaf-like structures of Pisum sativum 
lionaceae) are metamorphosed stipules. (Fig. 2.11) 


Fig. 4.1—Spines (T) of Aegle marmelos. 
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e or 'ans—These are analogous organs 
function of storage whatever might be 


Ipomoea batatus ( Convolvulaceae, 
ompositae, Fig. 1.6) etc. are modified roots. 


officinale (Zingiberaceae, Fig. 2.23A), 

atus (Araceae, Fig. 2.23B), tuber 

ceae, Fig: 2.23 C) etc. are homologous 
S of it, - 


ea bulbifera (Dioscoreaceae), Globba bulbi- 
etc. are modified buds. 


ith arms of defence, i.e. armatures so as 
from herbivorousanimals. These are— 


Spines and bristles—Thorns are hard and 

ng from deeply seated tissues of stem 
Many plants like species of Duranta. 
lave thorns which serve for self-defence.” 


As aaa a eee a a aa 
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Prickles are also hard and pointed Structures, but cur 
developing from Superficial tissue like epidermis. Prickles aris 
stems, branches, leaves etc. These are found in Rosa sp. (Ro 
Calamus sp. (Cane, Palmae), Solanum xanthocarpum, Solan 
gena (Solanaceae) etc. 


. Spines are modifications of different plant parts like le 
stipules, bracts etc.—these are sharp pointed structures as 


species of Opuntia, Ziziphus, Phoenix, Agave, Yucca ete, 
defence. 


Bristles are stiff needle-like hairs generally occurring in g 
e.g., common in many cacti. 


(6) Glandular hairs—These hairs are also epidermal outgr 


arising on stems, leaves, fruits of Jatropha sp. (Eupho biac 


Boerhaavia sp. (Nyctaginaceae), Plumbago sp. (Plumbagina 
etc. Glandular hairs secrete sticky substances. Plant parts h 

glandular hairs when eaten by animals stick to their mouth wh 
cause much uneasiness—naturally these are avoided by anima 


(c) Stinging hairs—These are the hair-like epidermal ou 
of leaves, fruits and other parts of the plant body. The 
of stinging hairs are sharp, siliceous and unicellular whi 
coming contact with animal skin break and penetrate injecting t 
poisonous substance, and thereby cause irritation. Stinging hi 
are seen in Tragia sp. (Euphorbiaceae), Urtica sp. (Urticacea 
the fruits of Mucuna prurita (Papilionaceae). 


(d) Dense hairs—Dense covering of various types of 
e.g. woolly, tomentose etc. on plant body is repulsive to a 
as these tend to choke their throat. Examples—Gnaphali 
(Compositae), Calotropis sp. (Asclepiadaceae) etc. 


II. OTHER DEFENSIVE MECHANISMS :— 


(a) Poisons—Poisonous plants containing different types o 
poisons are avoided by animals. Poisonous substances are of the 
following types :— 

i) Latex—This type of poisonous fluid (watery or m 
oan to animals causing inflamation, as seen in plants like spe 
of Croton, Euphorbia (Euphorbiaceae), Calotropis (Asclepiadac 
etc. ong 

ji i i hides. 

ii) Irritating substances like raphides and sphaeraphi 
2s cause irritation of throat and hence are avoided 
animals. \ : icd PE 

jii) Alkaloids of different kinds occur in many plants e.g- an ri 
i Vja sp, nicotine in Nicotiana sp. (Solanaceae), pis 
Th vetia sp. (Apocynaceae), morphine in Papaver sp. Pre ea 
Hix are deadly poisonous, and hence these are m taken 
animals. 
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i ia azadirachta (Meliaceae), 
EE e dia sp. (Cucurbitacec) etc. 
ts like Paederia foetida (Rubiaceae), 
(Araceae), Clerodendron sp. (Verbenaceae), 
idaceae), Blumea lacera (Compositae), etc. 
keeping away animals. 
of plants like tannin, resin, some essential 
thereby neglected by animals. 


phenomenon of 
nce, colour and 
and inanimate 
| plants assume 
f dreaded animals 
(Araceae), growing 
district, provided with 
striped, coloured and 
spathe resemble 
snake in a charging 
se plants are avoid- 


It is a type of 
Mullerian mimicry 
and animals are pro- 
In fruit-trees like 
ants take shelter 
plants are 
nimals, Ade ants 
Struction of enem 
t body guards, This j 
mM as myrmeco. Fig. 4.3 —Portion of Arisaema 


Sp. (snake plant) with 
ood-like spathe. o 


BY. Givi 
S. n brief account with 


5.1 Bracts are morphologically specialised leaves, 


of which flowers, either solitary or in clusters (on floral ax 
developed. : j 


5.2 Bracteoles are smaller than bracts, either thin leafy or 
structures developing on flower stalks in between bracts a 


5.3 Types of Bracts : Bracts may be of different types 


(a) Leafy or Foliaceous bracts—When bracts are typically 
ordinarily green foliage leaf-like e.g. Hibiscus sp. ( I 
Acalypha indica (Euphorbiaceae) etc. E 


Heh 

— ound umbel of Daucus carota var. sativa showing 
5 teal bracts (a) and partial bracts or involucels (b). 
C—Corylus sp. (hazel) with cupule (cu). x 


Fig. 5.1—Types of bracts. A—Petaloid bracts of Bougainvillea 


oid bracts—When bracts are coloured an shi V 
Eo $ e Bougainvillea spectabilis (Nyctaginaceae, upi 
pulcherrima (Euphorbiaceae) etc. tcx 
(c) Scaly bracts—When bracts become thin 
seen in disc florets of kaplani inflorescence of Comp 
\ 
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i boat- 
j bracts are thick, large and 
p a or partly surround the inflores- 
ix inflorescence of Araceae, Palmae etc. 


: is type, bracts are arranged in one 
E of the flower or inflorescence, e.g. 
sit), Daucus carota var. sativa (Umbelli- 


etc.—These are dry stiff and scaly bracts, as 
families Graminee and Cyperacee. Glumes 
- while lemmas are flowering bracts carrying 


le in nature, occurring at the base of 
Hibiscus rosa-sinensis and other members 


bracts or bracteoles grow together at the 
orm a cup-shaped hard body surrounding the 
- Corylus sp. (hazel) of Betulacez. 


+ Inflorescence is the branch or branch-system 
he arrangement of flowers on the floral axis 


structure called receptacle. 
g SS an underground 

IS OI Gramineae i.e. 

H beyond the flower is also known as rochilla. 

> mai ly of three types? :_ 

Poe inflorescence, Il. 
j s à 


orescence Definite or cymose 


pe the primary 
1 conti 
n acropetal order i.e, oldest flows. 


nd dilated rachis Aowera Opening 


is called receptacle, 


ODg,— beg; 
m base to ve bearin 


O apex i.e. Ë pedicellate 


flowers open in 
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acropetal order. Examples— Cleome viscosa ric 
Crotalaria juncea (Papilionaceae), Brassica juncea, B. 
(Cruciferae), Croton bonplandianum (Euphorbiaceae) etc. ; four 
In many ether dicotyledons as well as monocotyledons. 


This type is not helpful in determining a particular fam 
occurs in many families. 


(ii) Corymb—A typical raceme with unequal flower 
pedicels so that the basal flowers stand on the same level 
ones e.g. Prunus cerasus (Rosaceae) and Cassia sp. (Caesalpii 


(ii) Spike—Like raceme but flowers are sessile e.g. Ae I 
Deeringia amaranthoides (Amaranthacez) and others. It occi 
numerous families. No particular family can be asigned to ii 


i i . B-Spike of Aerva aspera. 

Fig. 5.2. A- Raceme of Brassica sp E Umt 
thes tuberosa. D —Simple corymb o 

spike of Gatkin of Corylus sp. (bazel). G—Storbile of Humulus lupulus (hoap 


ji i i suni 1 flower: 
iv) Amentum or Catkin—It is a spike of unisexual f 
ANMA FA peduncle which pitay er foe é 
. Examples—families Juglan 
Besutaceas (Corylus colurna), Salicacee (Salix en Le 
characterised by this inflorescence. Catkin i = mci pe 
members of Euphorbiaceae, e.g. Acalypha hispida, Anorosa = 
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died spike with fleshy rachis and large 
the inflorescence. It is found in members 
locasia, Amorphophallus etc.) as well as in 


Jet-—This is a condensed spike subtending 
the rachilla i.e. floral axis may be very small or 
‘the glumes—the so-called bracts of this 
let the lower first and second bracts, known 


flower 


Fig, 5.3—Diagram of a Spikelet, 


hout flowers ; other bracts above it 


ineat Clures at th. 
oe is the characteristic r3 us 


. Spike, consisti 
ring Pistillate f af lonley 
, Cannabis ni at cach axil, 


forms—her, 
© the pri 
Don Which q Ptimary floral axis or 
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Following are the main types— 


(i) Panicle—tt is a compound raceme. Here th or 
borne on the branches of the main axis ( .e. branched seco 
axis) instead of on the Primary axis directly. 4 


This type i 


S common in flowering plants e.g. 
(Anacardiaceae torosa abea i TAA 


» Vatica sp. (Dipterocarpaceæ), Y 
(Sapindaceae) etc. 
(ii) Compound co, 
« known as panicl 
Here flowers are 
corymbose manner on 
branches of the main ax 
rachis. Example 
torminalis (Rosaceae), € 
siamea (Caesalpinaceae) 
(iii) Compound spi 
sessile flowers arise on b 
ofthe main axis in a sj 
manner. Examples— 
thus spinosus, A. virid 
Family ^ Amaranthac 
characterised by this type 
(iv) Compound 
This type is noted in 
where the axis of a 
branches. Example—C 
nucifera. 
B. Primary axis or 
short 
1. Simple form:— —— 
(i) Umbel—This inflores- 
cence has a short flora 
upon which pedicellate flov 
are arranged in radiating 
ner, the order of develo 
of flowers is centripetal. 
Female Š í family Umbelliferae is 
° terised by this infloresceno 
Common example is Cen 
asiatica. - 
A 2. Compound form : 
Fig. 5.4—Spadix of Colocasia sp. (i) Compound $ 


i teristic of 
—Entire structure ; B—Same charact 
s after the removal lus Umbelliferae. In. 


Spathe 


(fig. 5.6) partial umbels (b). 
formed by the division of general umbel or primary 
Kxainpleé-- speciss of Foeniculum, Coriandrum etc. 


WI y 
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odium—Here the rachis is called 

; the flowers are sessile and small, 
E. quite different from the central 
are ligulate, female or sterile, and known 
ted flowers are bisexual and known 
florets are usually subtended by scaly 
cence is sheathed by involucral bracts ; 
centripetal. This inflorescence is the 
ree e.g. species of Helianthus, 
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terminated by a flower—young flowers occur below it. In 
flowers open basipetally or centrifugally (in case of fleshy rac 


A Ó Receptacle B 


Fig. 5.7— Capitulum of Helianthus annuus I 
A—Entire inflorescence and B—Longitudinal section of the same. | 


Fig. 5.8—Solitary flower of 
- Hibiscus pret 


ES AND INFLORESCENCE 93 


re of í ollowing types :— s. 
r Axil, ower—1In this type, the axis is 
orden rosa-sinensis (Malvaceae). 
i cyme—In this type, the primary 

id only one lateral branch is produced ending 
cess is repeated. There are two kinds of 


Cincinnus—In this type, the primary axis 
1 of lateral flowers bearing secondary axes 
ture. The family Boraginaceae is charac- 
e. Examples—species of Heliotropium of 
Drosera sp. (Droseraceae) etc. 
(  Bostryx—In this form, the primary axis 
° suppression of lateral secondary axes 
— Commelina benghalensis (Commelinaceae), 
» Myosotis palustris (Boraginaceae) etc. 


oid cyme o ' 
Polychasiun eo (diagrammatic), C_p; 
; multiparous cym or ypo Parous 
^ Biparous cyme— Viburnum qr, We 


| lower Which Ope B i the p im 
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primary axis, a little distance behind the apex, two lateral brane 
bearing flowers arise. Each lateral branch may again give | 
to flowers in the same manner. Examples—species of J 
Nyctanthes (Oleaceae) and some members of Caryophyllaceae. - 


(iv) Polychasium or Multiparous cyme—This type of infl 
results when the primary axis terminates in a flower and pro 
behind the apex more than two lateral secondary axes in a wh 
manner— Examples —Sambucus nigra, Viburnum sp. (Caprifolia 
Carissa sp. (Apocynacez) etc. 


SPECIAL TYPES OF CONDENSED CYMOSE INFLORESCENCE 


(i) Cyathium—It is also a compound inflorescence, ch 
of the species of Euphorbia, Pedilanthus etc. of the family Euph 
ceae. In this case the receptacle terminates into single fem 
consisting of tricarpellary gynoecium only, this again is su 
by numerous male flowers each of which consists of single sta 
these male flowers are again arranged in scorpioid cyme. The Who 
inflorescence is surrounded by a glandular involucre. 


FEMALE 
FLORET 


INVOLUCRE 


Fig. 5.11—Cyathium inflorescence of Euphorbia sp. = 
A-—Entire striletures B—Same in longitudinal section showing male and 2 
female florets with involucre. 


i ticillaster—It is a compound cyme, characteristic 
E oris family Labiate. In the axils of opposite leaves a 
a dichasium is produced, then each branch of the Bae pas 
into a cincinnus. The flowers are almost sessile and the ber : 
short that the flowers are crowded round the stem. Soa y [ 
consists of a simple biparous cyme and scorpioid ous ping : 
species of Leonurus, Coleus, Ocimum, Leucas etc. o imi 


Labatae. 
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. floresce jum i osed 
uu i ce hypanthodium is comp ) 
ry epe of closely placed cymes ; as 


o (5) Fig. 5.12—A-B, Hypantho- 
dium of Ficus sp. 
A—Entire structure, B—Longi- 
tudinal section of A Showing 
florets inside the receptacle, 
C-D--Verticillaster of Leonurus 
sp- C— Arrangement of florets 

Shown in verticillasters, 


(5). D- Diagram of Verticillaster, 


nanthium—This ig found j 
. OTaCezb) whe "d 
dess flat te the recep. 


Wers 


Fig. 5 13—Coe 
: nanthium 
Dorstenia - lum of 


te) 
Manner tofon On a sy Tessed 
Ose le 
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III. MIXED INFLORESCENCE— 


(a) Mixed panicle—It is a compound type and the co 
of racemose and cymose or irregularly arranged flo 
primary axis bears flowers in racemose manner and secon 
bear flowers irregularly though terminal flowers open first 
Example— Ligustrum vulgare (Oleacez). 


ID 
ir 


VM 
3 


Fig, 5.14 A—Mixed panicle of Ligustrum vulgare. 
B —Minxed spadix of Musa paradisiaca. 


i \ A Mixed cymose umbel of Allium cepa. 
MODUS A ose cory of Ixora sp. 


m N 
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re osely arranged flower groups are 
the thick es primary axis in acropetal 
group is subtended by a spathe, eg. Musa 


This is seen in Allium cepa (Onion, Liliacee), 
ceae) etc. where cluster of cymose inflores- 
“umbel” type. 


or Corymbose cyme—Here clusters of cymose 
nged in corymbose manner e.g. Ixora sp. 
a (Rubiaceae), Holarrhena antidysenterica 


form, several cymose clusters are arranged 
shape of a double cone on a raceme type of 
imple — inflorescence of Vitis vinifera (Vitaceae). 


ce: All the types of inflorescences did not come into 
neously. It may be conjectured that complex type 
ed from simple type or it may be that simple type was 


result of suppression and reduction of flowers, 
ce axis bearing flowers, 


vs that the solitary flower may be primitive or of later 
flowers with the Surviving single one, Parkin (1914) 
as the primitive type, According to him orgin of 
took place from the Solitary flower by addition of 
Of flowers as a. result of axillary growth, According 
is the most primitive type of inflorescence from which 
Tesult of various Modifications of Pedicels of flowers 
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the fleshy structure of the same. The ultimate result of ey 
origin of solitary flower. Venkata Rao (1965) has shown that in 
of Proteaceae raceme, spike and capitulum arose in the same 
the course of evolution. In some African taxa of Proteaceae he 
from panicle (existing in primitive genera) capitulum has 
advanced genera of the same taxon. 


SELECTED QUESTIONS 


1. What is an inflorescence? Give an account of di 
inflorescence in angiosperms citing examples in each case and in 
extent they are helpful in determining the families to which they 

Refer article 5.4 
2. Give a general account of the different kinds of cymose 
Illustrate the types with suitable examples. E 
Refer article 5.4, II 
3. Write morphological notes on :— E. 
(a) Inflorescence of Arum — Refer article 5.4, I (v, page 90 t 
(b) Spikelet of Rice—Refer article 5.4, I (vi), page 89 E- 
(c) Capitulum—Refer article 5.4, I, (i) page 91 
(d) Dichasium— Refer 5.4, II (iii). Page 93 n. 
Inflorescence of Poinsettia (Euphorbia) pulcherima—Refer art 
(f) Cyathium— Refer article 5.4, page 94 2 
(g) Hypanthodium—Refer article 5.4, Page 95 


Yo 


er is a modified reproductive shoot tip of 
ing either microsporophylls (stamens) or 
both, and may or may not be associated 
for the production of fruit and seeds. 


n axis known as thalamus, on which four 
ral members are inserted, viz, — 


accessory whorl* of sepals — Calyx*, 
the second accessory whorl of petals= 


CARPEL 
( GYNOECIU M ) 


Wp) 


PETAL 
Cororra) 


ANTHER 


FILAMENT 


STAMEN 
ANDROECIL v) 


Ves Or mi 
s, petals er On the thalamus jg 
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(d) Next above, second essential whorl of carpels= 
or pistil. ; 


THALAMUS— The thalamus or axis or torus or sometim 
as receptacle is often short and suppressed, usually col 
concave. Sometimes it is long, showing distinct internodes 
be dilated into flat or concave structure. Sometimes th 
presents certain modifications of forms as various outgrow! 
are seen between floral whorls; such modification of the t 
is known as disc. E 


CALYx—It forms the outermost envelope of the floral 
is the first accessory member, its respective leaves are call 
which may remain free or united—the former is known 
sepalous calyx, the latter as gamosepalous calyx. Sepals ai 
green and are always sessile. The number of sepals in a ç: 
may vary from one to many. s 


CoROLLA—It is the second accessory member of the fl 
Its constituent leaves are known as petals, which are de 
coloured or white, rarely greenish. Petals may be free or umu 
forming polypetalous and gamopetalous corolla respectively: 
petal may be sometimes stalked, the stalk of petal is called 
the expanded portion of the petal is called limb. The m 
petals in a corolla varies from one to many. z 


ANDROECIUM— The third member and the first essential 
the androecium ; its individual members are known as stame 
an androecium, the number of stamens may be one to many. 
stamens may remain free or variously united or attached to 0 
whorls. A stamen has a slender stalk called filament, which 
its tip anther lobes (microsporangia) containing pollen £ 
microspores. The filament may be short, slender or flat, or 
cases absent—then the stamen is called sessile. 


GYNOECIUM or PISTIL—It is the topmost or centrally placed fl 
member and forms the second essential whorl ; its n 
members are known as carpels. In a gynoecium the number o 


may be one to many. 
structure—the ovary, : 
knobed tip of the style called stigma. 
free or united, the former is known as apocarpous gyno 


latter as syncarpous gynoecium. 


i i i ductive shoot 3! 
is of the idea that a flower is a modified repro f 
On tbe omposition of vascular plants arose from the amaca e a 
Systems it is obvious that terminal reproductive structures Wi 
y 
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pe t three kinds of branch systems 
t ae aon EM epeaic flower such as : : 
r of branches bearing terminal sporangia from which 


ot primarily photosynthetic in function but became 
or ovules, 


" i : 
flattening turned out into organs which were mean 
the so-called perianth. 


regarding the origin of microsporophyll or 
ciuis d consisted of a primitive long 
n and was terminated by systems of dichotomously 
f which bore a single microsporangium. As a modification 
>mous branches with consequent fusion of sporangia an 
was derived in most angiosperms. Carpel was derived 
=the structure in turn had developed 

System. The carpellary leaf bearing megasporangia 
closed cham! “=. Rope megasporangia and thus the 


nction is mainly protection ; (2) in some cases 
dition to protection sepals act as flag apparatus. 


function of corolla is to attract insects Le. the 
tus. (2) In some cases the bases of petals act 
owing to the presence of glands. (3) Secondary 
protection of the essentia] members, 


function of which is th i 

Stains within anther lobes. err of 
he function of 
d (c) x 


which j i 
28 is the production of (a) mega- 


Seed 


lower is sai 
oe Present, absenc. fo be 


OMORPHIC (REGULAR) 
ize AND Zy, 
Sepals, petals, stamens eto, ane RPHIC (IRREG 


s are all equal and ma) 

* cut into equal 

dd I called regular or 
bel tal is larger Or smal 

DAE that the flower may ran 
(sca Only, the flower is Y 
A * In Som Cases e 

: * eg. in 

bie a f gven be cut into 
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C. BISEXUAL AND UNISEXUAL FLowers—When both a 
and gynoecium are present in the same individual flo 
is called bisexual or hermaphrodite, e.g. flowers 
Malvaceae, Acanthaceae etc. ; when either androecium 
is present in the same flower i.e. one of the essenti 
absent, the flower is called unisexual or diclinous, eg. 
Euphorbiaceae, Cucurbitaceae etc. 


D. CYCLIC, AcYcLIC AND SPIROCYCLIC FLOWERS— 
said to be cyclic in which all the floral leaves i.e. 
stamens and carpels are arranged in the thalamus in 
verticillate manner (Fig. 6.1). Cyclic flower with longa 
is met with in many members of the family Capparidacei 
Almost all the flowers of angiosperms are cyclic. 


Acyclic flowers (Fig. 6.2 C, D) are rather rare, occur in 8 
families of angiosperms, viz. in species of Paeonia (Paci 


NN 


Sy UN 


i i i ium sp. B—Diagram o 
i — cal spirocyclic flower of Illicium sp B | 
Fins aa qu Aus are whorled, other appen aS ae 
C —Typical acyclic flower of Calycanthus floribun mt E: E. 
of the same (note all the floral appendages are spirally serted). 


Austrobaileya (Austrobailye 
order Ranales. ` 
he thalamus 


atia (Eupomatiaceae), 
e ahus (Calycanthaceae) of the i 
all the floral leaves are arranged spirally on 
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so less frequent than cyclic 
Dj Ee. e.g. species of Nymphaea 
" B uegnoliaceae), Ranalisma (Alismaceae), 
- ]n this type, of the four sets of floral leaves, 
floral leaves is arranged spirally and three 
in whorl, or (b) three sets are spirally 
ic manner, or (c) two sets are spiral and 


Nupe FLowers—In neuter flower both androe- 
sium are absent. In nude flower either androecium 
Doth are present but calyx and corolla are absent. 


D STAMINATE FLowers—Pistillate stands for 
rs and staminate for unisexual male flowers. 


MONOECIOUS, POLYGAMOUS ETC.— Plants bearing 
| only i.e. either male or female flowers are called 
ium multiflorum (Euphorbiaceae), Cephalandra 
ithes dioica (Cucurbitaceae), Borassus flabellifer 


Unisexual flowers of both sexes on the same plant 
S, e.g. Zea mays (Gramineae), Cucurbita maxima 
E bonplandianum and Phyllanthus sp. of the 


è term applied when plants bear unisexual flowers 
. male and female flowers in addition to bisexual 
| sis, Sapindus sp. etc. of the family Sapinda- 


d corolla are also designated 
Perianth is differentiated into 
Corolla. In flowers where 
the term Perianth comes in 
epaloid or Petaloid 
Ponents i.e, sepals a d 
are E in SA ed Mi ene 
odendron tuli i 
nr pbi (Magnoliaceae) Lilium sp. 


er is a modified sho } 
od by the foll owing aa à branch in the very beginn. 


E OF 
"OF THALAMUS Flower Consists of an axis known 
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in some flowers, the axis is long eg. i " 
(Capparidaceae), Passiflora Sire (Palo sa fi 
internodes of the thalamus between corolla and andre 
androphore) and between androecium and gynoecium ( 
phore) become enlarged with same whorled arrangement 
re pene E so no doubt that the thalan 

re. In Capparis sepiaria (Capparida 0 
gynophore only is also mates (conp E 


Gynophore 
AV 


Androphore 


Fig. 6.3—Androphore (An), and Fig. 6.4—Flower of Gynandropsis 
corona (C) in Passiflora flower. showing androphore and gyn 5 

(b) Normally, the growth of the thalamus is checked 
carpels but in some cases like species of Pyrus (pear), Rosa (ro 
the thalamus has been found to undergo further upw 
having green stem with prickles and small foliage leaves beyond | 
gynoecium —this phenomenon is known as monstrous devel? s 
or proliferation. E 


(c) In Polyalthia longifolia (Anonaceae), Michelia cena 
(Magnoliaceae) etc., the carpel bearing region of the t 
elongates like the stem giving rise to an aggregate fruit. "4 


2. LEAF NATURE OF FLORAL MEMBERS—That the floral leaves 
modified leaves is proved in most cases by their leafy nature 
many cases the sepals may assume typical leaf-like structure ' 
veins and petal-like pigments e.g. Mussaenda frondosa (Rubi 

The floral leaves also exhibit the same types of ptyxis and 
tion i.e. prefoliation as those of foliage leaves. 


In Michelia champaca, Magnolia sp. etc. of Magnoliaceae 


floral leaves are both verticillately and spirally arranged OD " 
thalamus, but in majority of flowers the floral hyllotaxy 
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, is whorled—this resembles the phyllotaxy 


Fig. 6.6—Flower of Mussaenda 


Sp. showing 
One of the sepals leafy, 
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In Canna sp. (Cannaceae) stamens are modified into pe 
staminodes. In Zinnia sp. carpels are modified into sepak 
petaloid structures. 


That the carpel is also leafy in nature can be pro 
examination of single carpel of Pisum sativum (Papilion 
which it is folded along its midrib to form a chamber 
containing seeds. The elongated part of the carpellary 
the style; its extreme apex, the receptive spot for the po 
the stigma. 


3. HOMOLOGY OF FLORAL BUDs—Floral buds like vegetati 
may be metamorphosed bulbils e.g. viviparous bulbils of Age 
(Agavaceae). Development and position of vegetative buds ar 
like those of floral buds i.e. axilary and terminal. ; 


6.7 Insertion of Floral Leaves on Thalamus : 


Hypogyny, perigyny and epigyny are the terms applied o 
different floral constructions which indicate the structure of thala 
i.e. the floral axis and the consequent position and insertion of ca 
corolla and androecium in relation to the pistil. 


A. In HYPOGYNOUS flowers, wbich are very common in dice 
donous as well as in monocotyledonous plants (e.g. in families 
culaceae, Cruciferae, Solanaceae, Convolvulaceae etc.) the 
is short, either convex or conical or fairly long (as in Mi 
champaca, species of Ranunculus, Gynandropsis etc.) wi 
whorled as well as spiral arrangement of floral leaves, 
whorled and spiral arrangements of floral leaves (i.e. sp 
the pistil or gynoecium is at the top most position ; stamens, 
and sepals are all inserted successively on the thalamus be 
pistil. In this case the position of the ovary is superior. 


or 


B. In PERIGYNOUS flowers, the thalamus is flat or concave. 


the thalamus is flat, the pistil is located in the centre surroune 


stamens, petals, and sepals successively e.g. Pisum sativum, 
juncea (Papilionaceae) etc. When the thalamus is cup-shape 
concave, the sepals at the base are united forming a calyx tu tals 
is adnate to the concave thalamus. The calyx lobes, the pe 
stamens are inserted at the rim of the thalamus cup surroun "P e 
pistil in the centre. In the perigynous condition, the ic ud " 
pistil is free from lateral adnation of the cup-shaped tiaan 

so in perigynous flowers there is no adnation of ovary 
the thalamus except at the base. 


Such perigynous flowers are 10 
jn most Rosaceae, in some Lythraceae 


e.g. Lagerstroemia Sp: etc. 
this case the ovary is either superior or half-inferior 1n position. 


, found in the members of the fami 
C. In EPIGYNOUS flowers, fo i membe nodo Er 


aceae, Compositae, Rubiaceae etc., 
yide cup to which the calyx tube is adnate. The ove a 
pistil finally becomes completely fused with the recep à 
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inside—as a 
ve thalamus) n 
n ene Ens are put and ins 
a ° ! 


nou. B & p, epigynous ard C 


 Bynoecium. Tn this case Ovary js inferior in 
Petals and stamens, 


» Derigynous flowers, 


Structure in phylogenetic evolution, it i. ultimate] 
of evolution. , timately 


* See thalamus under article 6,2 
hampaca of agnoliaceae, the 
essory | nged in whorls, 
«€. the st 8 and Tpels are arranged 
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In most flowers the thalamus is short having three she 
nodes and four nodes. The first internode between calyx and 6i 
is called anthophore, the second internode between corolla” 
androecium is called androphore and the third internode bel 
androecium and gynoecium is called gynophore. In Gynandro; 
(Fig. 6.4, Capparidaceae), the internodes between corolla and 
ecium and between androecium and gynoecium are long, fo 
what is known as androgynophore. Sometimes the th I 
prolonged into the ovary and remains attached to carpels- 
maturity it separates out—this prolongation is known as cd 
e.g. Coriandrum sp. (Umbelliferae). 

The disc, which is an outgrowth or modification of the th 
is of various types e g. (a) in Citrus sp. (Rutaceae) it is like a 
ring surrounding the pistil and is called annular ; (b) in Re 
sp. (Ranunculaceae), the disc is cupular or cup-shaped ; (c) 
be glandular asin Croton sp. (Euphorbiaceae) and (d) somet 
the disc presents the form of scales—then the disc is called sc 
The function of the disc is secretion of nectar, protection etc. — 


6.9 Calyx: 
See calyx under article 6.2 


Like the flower, the calyx may be regular or irregular. 
genera e.g., spceies of Delphinium, Heleborus of Ranunculace 
Mirabilis sp. of Nyctaginaceae, sepals are coloured and they look 


corolla. 
Modifications of calyx are of various types, 
(a) Pappus—when modified into few hairy or scaly or feat 
structures as seen in Compositae. 
(b) Spinous—as seen in Trapa bispinosa (Onagraceae): 
c) Spurred — when prolonged into tubular or beak-like structu 
as EUR hà Impatiens balsamina (Balsaminaceae), Delphinium : 
(Ranunculace&) etc. 
(d) Hood-like enlarged 
Ranunculaceae (Aconitum sp-) a 
pi NIA d be (à 
Duration of calyx varies 10 different flowers—it may ) nites 
cous OF fugacious —when calyx falls off before the complete 
of flowers, e.g. Argemone sp. (Papaveraceae). EE. Y 
a) Deciduous—when calyx falls off at the same time wit 
after fertilization, e.g. Brassica Sp- (Cruciferae). E | 
(b) Persistent —when calyx is Htm with the fruit and 2% 
rmanent ; this is again of two types suc as— D 
E i) Marcescent —when persistent sepals have shrivelled : 
withered in appearance, €.g. Psidium guajava 


(ii Accrescent —when persistent calyx gro 


fruit, ¢-2- Dillenia indica (Dilleniaceae). 


such as: 


sepals are also seen in some membem 


ws in size ro xi 
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6.2 

or irregular, usually variously coloured, 
they are called sepaloid. Sometimes petals 
to a stalk-like structure called claw or unguis, 
ion is called /imb ; petals having claw are 


rolla—Corolla may have various irregulari- 
of different types as follows :— 


bbous—When lower part of the corolla tube 
a sac, e.g. species of Valeriana (Valeriana- 
phulariaceae) etc. 


. Corona 


of the corolla, A—Flower of C, 
arcc ower of Valeriana sp. sh ing oi 
of Lychnis sp, showing áppendages md s (8) xcu 
"Jen appendages in the for 
he I m of scales, hair.]; 
“ypes etc. are situated at the base of on po 


cuta sp. showing Corolla 


), e.g. Species of 
P. 
Lychnis (Caryophyllaccaz e 
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Narcissus and Pseudonarcissus (Amaryllidaceae), in many 
of Acanthaceae, Boraginaceac etc. 

(c) Spurred or Calcarate - When petal or petals or coro 
are prolonged downward forming spur, e.g. Aquilegia sp. 
culaceae). E 


6.11 Forms of Corolla : These are of various types as fo | 


A. Polypetalous regular corolla— 

(a) CRUCIFORM OR CRUCIATE COROLLA — This is characters 
mustard family or Cruciferae. Here 4 petals, each of which is eli 
are arranged in one whorl in a diagonal cross. 

(b) RosAcEoUs—Originally there are 5 petals (but m 
as in rose are due to reconversion of stamens into petals as 4 
of cultivation), each petal has outwardly spreading very wide limt 
very short claw. Examples— Rosa sp. ( Rosaceae), Camellia 
(Theaceae) etc. - 

(c) CARYOPHYLLACEOUS— There are 5 clawed petals, the li 
which are at right angles to the claws. Example—Di 
(Caryophyllaceae). 

B. Polypetalous irregular corolla— 

Only one kind ie. PAPILIONACEOUS corolla of Papil 
There are 5 petals, of which the odd fifth posterior 1s the out 
forming standard or vexillum, the 2 lateral petals are cla À 
ing almost the 2 anterior petals which are loosely connate to! 
a boat-shaped structure—the keel. ‘ 


C. Gamopetalous regular corolla— 1 

(a) TUBULAR corolla —All petals are united to form a MOF” 
Jess uniform tube. It is found in the disc florets of 
„annuus (Compositae). zi 3 ; 
CAMPANULATE or BELL-SHAPED corolla is m : 
PRU maxima (Cucurbitaceae). In this type both tube and 
are almost of same dimension, the corolla resembles a bell. 
sHAPED—In this kind the 


is very broad and it is placed at right angles to the slender tu? 


h in flov 
ceae) 


URCEOLATE Or URN-SHAPED — Where 
in ka middle and contracted at both ends 
apex). Examples— Erica sp., i 

FUNNEL-SHAPED 
(f) INFUNDIBULIFORM Of des 
, Ipomoea reptans (Convolvu de 
nets (o “Osea tube (wide upper portion) is $ 


i Is are unite : : 
Sho that of a funnel, the limb gradually tapers into tube 
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ar corolla— 


or iis 
i characteristic of th 
E. EE declácoae. pos 
"bilabiate or two-lipped ue M 
coop ls, the lower lip of three pe a i 
tain (i.e. the entrance gap leading 


Š 2 
"Fit. 6.12—Diterent forms of corol 
Corolla : (1) Cruciform, Q) Rosaceous, (3) Caryo. 
ar corolla : (1) Tubular, (2) Cam anulate, (1 . 
ate Teeolate, (6) Infundibuliform. ~: ©) Hypo 
talous corolla ; (1) Bilabiate, (2) Personate, 
' MASKED is à kind of bilabiate in whi 
oted by n Which the 
et 


a, 3 Projection of the lower lip, k 
With in species of Antirrhinum Lindern w 


A Lindenbergia 
TRAP-SHAPED Corolla is met with í 

e capitulum o Composite ; here 5 i. 
or tongue-shapeq structure, 


p^ 


(3) Ligulate, 
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6.12 Aestivation : 


Aestivation is the mode of arrangement of the ace 
i.e. sepals and petals or perianth with respect to one 
flower bud. There are five types, such as : 


(a) Valvate—In this either the margins of sepals or pe 
touch each other but they do not overlap ; valvate sepals ar 
Malvaceae e.g. Hibiscus rosa-sinensis ; valvate petals are 

in Calotropis sp. and plants of the family Mimosaceae. | 


p v 
RUE A 
Cre 


i — f aestivation. A— Valvate, B—Twisted, [e 
HC iren DE Quincanclab E— Vexillary. 


Twisted or Contorted—In this type, the sepals or the 
are d in such a way that one margin om" p 
the next one and the other margin is Dover ud + 
another, e.g. Hibiscus rosa-sinensis, Gossypium sp. € 
species of Nerium, Thevetia etc. of Apocynaceae. 


Imbricate—In imbricate one of the petals or sepals 
M E of the two adjoining members and the bo. : 
another member are overlapped, while the remaining xe 
twisted fashion. Examples— species of Brassica (Crucif Jat 
(Capparidacex), Delonix, Cassia, Caesalpinia (Caesalpinaceae. 


i i i i Is or petals 
uincuncial—In this the margins of sepa | 
in te feats aestivation) are arranged M ES 
of the five members two are outer, Mee 
ior being overlapped along its one * f 
e, SExamples—calyx of most plants of A cle 
Apocynaceae and Convolvulaceae. 
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"m a type of imbricate aestivation, here 
ES a Posterior (known as standard or 

je largest and the outermost, it overlaps the two 
“as wings or aloe) and the lateral petals again 
ilap the two smallest and innermost petals known 
“CO of all flowers of plants belonging to 


ery important from taxonomic point of view i.e. 
families and genera. 


š the first essential and the third member of the 
cium is the male reproductive component of a 
ual members are the stamens which are the micro- 
llosperm. Each stamen has a stalk, called the 
top a sac-like Structure, called anther. Each 
NO known as anther lobes. The anther 

a tissue known as connective, 
obe has two chambers called pollen 
gia. Pollen sac contains pollen 


: 
nstitu 


nt stamens in an androe- 
many. In a floral whorl the 


“is may be arranged s irall 
aus aS in Micheli Sees 


id to be diplostem 
f 


4 onous When 
awo whorls, those o outer one Fig. 6.14 Tetrady. 
Pposite the namous androe- 


alpinaceae), Cium of Cruciferm, 


; © outer whorl 
Ing with Sepals, the 


l-one w orl— 
rsa, i the 


, 18 is 
iacta etc. Seen 
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. In a whorl, when stame i occur, 
cium is termed Kian te Cae Mp 


Fig. 6.15—Didynamous androecium Fig. 6.16—Heterodyname 
of Labiatae. cium of Caesalp 


Fig. 6.17 
A—Epipetalous stamens of Solanum sp. 


B—Gynostemium ; à 
Stamens may vary in number as follows :— 

(i) Normally the number is equal to the 
petals i.e. isostemonous. 


(ii) Stamens may be monandrous (when stamen 1), 
(when 2), triandrous. (3), tetra, penta, hexa and polyan 
stamens are 4, 5, 6 and many in number respectively). 


number of s 


i 


TA 
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i i tals 
i her unlike members like pe 
nak or union may be among 
‘members of stamens or their parts are united 
med cohesion. 


en stamens are adnate to corolla or petals. 
‘many families like Acanthacez, Scrophul- 
> Labiatae etc., in 

g gamopetalous Stigma 


Liliaceae, 
ithes tuberosa) etc. 
"This is adhesion 
In Aristo- 
iia sp.), Orchidaceae 
‘Stamens and carpels 


and carpels is Fig. 6.18— Gynostegium in 
(Fig. 6.18). Calotropis Sp. 


(ENS 


akg united by their filaments (adelphy) 


‘Here all the stamen | i 
be bande m sare united togethe 


form 


r by 
the anthers are free as i 
vas, Meliaceae, few Euphorbiacee, a few 


ca 
Ts of Papilionaceae, 


n androecium th 

| several bundles, the $ 

S type is found j Hypericum sp 

—Sometimes in an i 

Ie united to form a tubular qm the — ents 
he 
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style, such phenomenon is found in all the fa 
Compositae, e.g. Helianthus annuus medi 7 


Fig. 6.19 A—Monadelphous stamens of Malvaceae. B—Diadeiph ' 
Papilionaceae. C—Polyadelphous of Hypericum sp- z 


ig. 6.20 A—S ngenesious stamens of Helianthus annuus. ` 

Fi 67 * Synandrous stamens of Cucurbita sp. 

united by filaments. 
Synandrous—W hen stamens are united by n'amet 

as {ethers to form a compact body. This is seen In male 


of Cucurbita sp- (Cucurbitaceae). 
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Eo ther sacs or lobes separated bya 
ive- E sac consists of two microspor- 
septum. So inan anther there are altogether 

i. Hence a fully developed anther shows 
re. In majority ofthe cases anthers appear bilocular 
rption of septa separating the two sporangia 
or one-celled anther, as seen in 
ue to (a) abortion of one anther lobe and 
um between the two sporangia, or (b) due 
tition wall (connective) of the two lobes as 
een the sporangia of each lobe. 


rorse (when grooved anther-face, particularly 
is directed towards the gynoecium or centre of 
° (when grooved anther-face is directed towards 


OF ANTHER TO THE FILAMENT— 
of attachment as follows : 


d—When the filament is firmly attached to 
e.g. Species of Carex (Cyperaceae), Solanum 
of Cruciferae etc, 


n the filament or its Continuation, the co 
le A nnec- 
rd of anther throughout the whole length, 
phaeaceae), Magnolia Sp. (Magnoliaceae) etc. 


c 


ent of anthers to ^ 2 
C- Versatile, Dagan: A~Basitixed, B Donitixed 


When the fila i 
ament js fi 
ae Passiflora Sp. (Pas 


rmly attache 


sifloraceae ) d to the 


v Sesbania 
—When filament j 

S attached 
or th OT. at 
ee in S Connective in 


à point 
^ Near the 


» eg. wa 
bers of Ret some members of Lat the 


Mineae etc, of Liliaceae, 
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B. DEHISCENCE OF ANTHERS 


, Anther lobes or microsporangia of angiosperms dehisce or 
in order to enable the pollen grains to come out. i 


The dehiscence may be : 


(1) Transverse —lt is seen in one-celled anther of M 
Lemna sp. (Lemnaceae) etc ; due to horizontal placing of 
the dehiscence appears to be transversely slit like the lid 


(2) Apical or Porous—In Solanum sp. the dehisc 
anther lobes takes place through apical pores. s 


i i thers. A & E—Transverse. B—Apici : 
Eig 6:22 DeM Ene o a a D—Longitudinal. E 


^ — When dehiscence or bursting of anther lobe 
UM M drin of trap-door-like flappy valves as n Berbt 
(Berberidaceae), Litsea sp., Cinnamomum zeylanicum (Laur: 


(4) Longitudinal—This is very common, here the anth 


i he line of sutu 
i h-wise from base to apex along t 1 
ge (Vitaceae), Datura sp. (Solanaceae) etc. 


C. FORMS OF ANTHER LOBES— 


Anther lobes may be: 


Linear—the anther lobes are 


SPART sp- (Euphorbiaceae) 


(2) Round or Oval as in Mere 


diculate— Where the anther lobes are 
of different kinds e.g. flattened leafy in 


long and narro 
urialis annua (Euphorbia 

(3) AP 
appendages O 


119 
FLOWER 


Fig. 6.24—Appendiculate 
anther lobes in Erica sp. 


li 


Fig. 6.25—Forms of anther lobes. 
A—Reniform, B—Sagittate. 
C- Sinuous, 
ous—When the lobes are thread-like, €.g. Zostera 
qr le 


Jynoecium or pistil portion. 


[POUND YNOECIUM— A £ynoecium is Said to 
carpel only i.e, Monocarpellary, this 
a ane Leguminosae— put in case of 
> S of two or more car —thi 
also known as Polycarpellary Bynoecium ^" EA 


ecium may be 
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ba NoD UAE pot styles and stigmas are free (e.g 
price vate s a m usitatissimum —Linaceae), or o aries 

; yles and sti i s n mea 
of Asclepiadaceae and eccrine are united E 


di 
|! 


MA 


Fig. 6.27—Cohesion of carpels. A—Carp:ls of Calotr 
sp. B — Carpels of Hibiscus sp. C — Carpels of Diantl 


Fig. 6.26—Apocar- 
pous gynoecium of 
Michelia champaca. 


C. CARPEL AND ITS PARTs—Carpel is the leafy member. 


gynoecium or pistil. It is the female reproductive organ of flow 
lants. A carpel is a megasporonhyll which in angiosperms becom 
folded (along the midrib, i.e. the dorsal suture and the margt 
meet—the ventral suture) and modified into following parts :— x 


(a) basal swollen portion is the ovary containing one of 
ovules or megasporangia. : 


(b) Short or long stalk-like protrusion of th 
(c) The receptive end (for pollen grain) of the style, 
usually knob-like in appearance is the stigma. 


6.17 Carpel polymorphism : The theory that a carpel is an entirely n 
phosed leaf folded vertically with mrginal, axile or parietal placentation accor 
to its monocarpellary oi polycarpellary nature was discarded by Saunders 
postulated that the carpel is an organ (sui generis) and advocated the poly! 
view of carpels, i.e. various parts are modified giving rise to various f O 


different structures eS morph=forms). 


e ovary is the sf 
whi 
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Í than 

ium consists of carpels of more 
BS were originated in course gr 
o Saunde mainly three types of carpels occur in mie 
valve or hollow type, (ii) pseudovalve or semi-soli 


of carpels is based on three different types of 

i ockin. Cruciferae and other taxa. For 

» gynoecium of Leguminosae consists of two 
made up of one valve and one solid carpel. 

types of carpels is suggestive of polymorphous nature 


us Rapistrum of Cruciferae even there are 40-50 carpels of 
and 


valve. 
FOE 
described as open, generally sterile, if fertile then with one 
eral parts ; it is rather primitive type. The solid carpel is 
r narrow, usually fertile with one or more ovules on its flanks. 
e t similar to solid but with lateral wings 
solid. The elucidation of the structure of the simple 
ies the basic types such as Solid carpel, the dorsal 
, vascular bundle and a narrow band of surrounding 
ne having the Surrounding tissues assuming broad wing-like 
' carpel m br ioi part having ventral vascular 
carpels is anatomical. The num 
the number of carpels in a gynoecium, ted 
ferae in which the fru 
h » Is made up o 


25 its interpretari 
vascular T 


Structure 
is the swollen basal 
Of the megasporo os chamber formed b A 
poro y the fol 
""Porangia), Phyl (i, carpel) containing eË oF 
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In half or semi-inferior t i ot 
j 2 type, ovary is partly adherent 

receptacle i.e. an intermediate position of 

and superior conditions. R ovary eae 


B. SIMPLE AND COMPOUND OVARY 


Simple ovary—When there is only one ovary as 1 
le o 1 seen in mo 
pellary pistil or gynoecium. In polycarpellary Apoc gyno 
ovaries are not combined together that is why ovaries are simpli 

Compound ovary—When two or more ovaries are combine 
united together as seen in case of polycarpellary syncarpous pistil 


C. OVARY CHAMBERS ` 


In monocarpellary gynoecium as there is one carpel, the o! 
chamber or cavity is one. In apocarpous gynoecium individual os 
possesses respective chamber. But in syncarpous gynoecium 
ovaries are combined together forming apparently one o 
cavities for respective ovaries of carpels are there, forming s 
chambers. The number of chambers in the ovary may be one 
many as the number of carpels. Sometimes as a result of 
dissolution of partition walls of respective ovary chambers | 
syncarpous gynoecium, the number of chamber is reduced to one, € 
Caricaceae, Passifloraceae etc. P 

Sometimes due to the formation of false partition walls, 
chambers are increased from two to four (Solanaceae). 


6.19 Placenta and Placentation : 


m applied toa zone of marked pro 


A. PLACENTA is the ter 
f in the ovary to which ovule or ovu” 


berance of the carpellary lea 
are attached. 


Placentas may develop either at the base or apex of the carpel, or 


fused margins of carpel or carpels known as sufures. 
B. PLACENTATION is the type of arrangement of pla 

bearing ovule or ovules in the ovary chamber. 
The following types of placentation are noted— 


1. Marginal—When placenta develops along the fused 
ofthe carpelin the ovary ie.along the ventral suture and 
are borne in a double row along this suture; it is terms 
Here ovary is one-chambered. This type is found in | 


marginal. 1 ° 
members of the family Leguminosae. 
2. Parietal—In this type the ovary is one-chambered though 
ite along the ventral suture—placentas d 


rpels un 
S mors a f their carpellary leaf and placenta bea 


ventral sutures O ! 
(rs remain attached at the confluent margins of the respe 
carpels in the ovary—this is seen 1n families Violaceae, Mori 


:icaceae (Carica papaya) Cruciferae etc. : 
Carica : several united car 


ile—When the pistil is formed of e! 
CAMPER Vat is divided into as many chambers as the number 


SN 
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es of respective carpels meet at the centre. 

ultimately arise from the central axis or 
respective ventral sutures of carpels meet, 
mas axile. Axile placentation is common in 


; Different types of placentation, 
Tee central. D—Parietal, E—Axile 
 Central— This t 
axile placenta 
Ovary the parti- 


3 ‘ 
a vL Peg-like Protrusion 
dian acenta bearing Ovules 
ae Ceae) According - 

a pe Ing to 


of Placentation is 


p a 
S On the "ichs ua bearing i 
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the placentas are n i i 
Hes ot restricted to localised spot as in 


Fig. 6.29 —True central placentation Fig. 6.30 — Basal 
of Primula sp. of Com; 


6.20 Evolution of Placentation : Ovu'es i.e. megasporangia of 
.are borne on the adaxial surface of the carpellary lamina. disti 
ovules occur on the restricted region or allover the surface except 
vein. The pattern and method of placenta bearing ovule in a n: 
placentation. The ovules are attached usually on the enlarged swollen out 
of the laminar tissue of the carpel known as placenta. The type of 
and placentation vary greatly in number of ovules, modes of their 
ment, form of locule in the ovary etc. d 

Of all the types of placentation laminar i.e. superficial, diffuse or 
-seems to be the most primitive type from which all other types were 
as a result of reductions and other modifications in course °` 

f placenta bearing ovules on š 


In laminar type there is no restriction of 
ie. adaxial surface of the carpellary blade i.e. all the area is fertile- this 


by the fact that the ovules get their vascular supplies from the dorsal 
well as the ventral bundles of the carpel (a carpel has 3-trace supplies, 2 
and 1 dorsal, examples—species of Butomus, Nymphaea etc.) 
Marginal type of placentation was derived from laminar as a result of 
of the ovules on the ventral margins and consequent on the loss of o 
other regions, it occurs in all follicle type of carpels ; e.g. in early Magnoli 
in the marginal placentation, the ovules get their supplies from both 
and ventral bundles of the carpel. 


An ovary containing single ovule which 


may be basal or may be 
ed has been derived either directly fro ilt 


m laminar as a 
ived 


suspend 

DEE reduced to one or two. Basal placenta may be deri 

marginal placenta as a result of reduction in number of e 
gets supplies from 


Jaminar is found in early 
Example of basal placenta 


xile lacentation was derived from marginal i 
doses cares were united and were brought together at { 
having restricted fertile areas. Occurrence o 


tral sutures r |1 
almost universal in angiosperms. 
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having unilocular ovaries when the placenta bearing 

plumn at the centre in common locule free from lateral 

termed as free central. Free central placentation 

a result of dissolution and consequent loss of partition 

ovules as such are left on the central column + 

of Caryophyllaceae, Primulaceae etc. Basal 

may be derived from the free central type as a result 
p| sp. (Cyperaceae). 


is i 


e. 
J» ovules are 


eof J! 
(traces). 
‘ype—do 


1 


rm 

zd respective e: wi 
ginal placentas, Evolt 
ion 


with solita 
naland (c) fr TY ovules mj 

ee centraj, At have descen 

Y ded from 
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6.21 The Ovule : 


_ A. The ovule may be defined as an immature seed or an unr 
integumented megasporangium. It may also be designated sit 
“the egg containing organ within ovary.” 

After fertilization the ovule develops into seed. In angiosperms, ¢ 
protected by megasporophyll which forms a closed Moll. 


) vai i 
seeds remain enclosed. In gymnosperms, ovules are not protected 1 
megasporophyll i.e. carpel resulting into the formation of naked seeds, 


B. STRUCTURE OF AN OVULE 
(1) The stalk with which the ovule remains attached W 
placenta is called funicle or funiculus. 
(2) The point of attachment of the funicle to the b 
ovule is called hilum. 
(3) The basal part ofthe ovule from where the integ 
integuments arise is known as chalaza. 
(4) The extension of the funicle beyond the hilum along 
body of the ovule is known as raphe. A raphe may be ventra 
dorsal in an ovule, and may extend upto the base i.e. chalaza o 
ovule. 4 
(5) The main body of the ovule consists of a cen 
of tissue —the nucellus which is surrounded by one or two envelo 
called integuments ; the integuments enclose the nucellus €x 
at the apex, where a small opening is left called micropyle. 


“>, 
wil ra 
LAC. 
Es 
R = Sn 


A 


S 


Pad sj M sjeh 
UAA AG 
MEM d 
HEN 
EB. 

anatropous 


inal section of an ovule of angiosperm ( 

Funicle ; R— Raphe ; HI — Hilum ; C— Chalaza ; - M 
Fu—Fanicle ; A C — Antipodal cells ; Ë S. -Embryo sac + S, Duc a 
be poles nucleus ;O-Ovum or oosphere ; Sy -Synergi ; 


Fig. 6.32—Longitud 
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he micro a sac-like structure, known as 
B. lies embedded into the nppeliys; 
x r sac towards the micropyle there are three nake 
one is the largest and is known as oosphere or 
al ones are the synergids. Oosphere and the 
what is known as egg-apparatus. At the ue 
lies a composite nucleus, formed by the union o 
known as secondary or polar nucleus. Towards 
ad of the embryo sac there are three walled cells known 


j] IS OF OVULES 


megasporangia in angiosperms are mainly of five 

è 

le of classification is based on the position of the micropyle, 

im with regard to ine another and also to the placenta. 

s or Atropous—In this type of ovule the micropyle, 

are in one straight line so the ovule remains 

um lies at the extreme base, the chalaza and the 

insuccession. This type is noted in members of 
eae (Polygonum sp.), Piperaceae (Piper nigrum, 
(Urtica sp.) etc. 

Or Inverted—in this type the ovule is completely 

80, that the micropyle comes very close to hilum - 

ardly directed, 


common in dicotyledonous and monocotyle- 
Labiatae, Boraginaceae, Eu horbi icin 

" e x PUphorbiaceae (Ricinus 
—When the -ovule is so 
E un ed curved that the 


s" is met with in members 
*, Leguminosae, Caryophyllaceae etc. 


'S type is noted in families li 
accaceae etc, 


Ë *€. nucellus 
t right angles to the funiculus a« 


anunculug (Ranunculaceae) 


N THE Ovary 
When the Ovule arises a T 


as i : 
een in Compositae, Polygonaceae ioc prot me 


Ç is the mega 
D Spore or Inegas i 
Maheshwari (1950). 8aspores ang their derivatives. 
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3. Pendulous—NWhen the ovule h " 
0 angs down Ihe 
the ovary e.g. in some Euphorbiaceae, Annonaceae da l 


Eig. 6.33 — Types of ovules. A —Orthotropous. B— Anatropo! 
C- Campylotropous. D —Amphitropous. E -Hemianatropous. 


(Adapted from Maheshwari). 


4. Suspended—The ovule hangs downwardly and obliquely 1 
the upper corner side of the ovarian wall e.g. Ricinus comm 
(Euphorbiaceae). 

5, Horizontal—The ovule arises horizontally from the side 
ovary wall e.g. Podophyllum sp. (Berberidacez). 


6.22 Floral Formula : 


Floral formula is an expression summarising the info 
regarding the number of floral whorls and their respecti 
members in different whorls, also their cohesion and adhesion t! 
some symbols like K, C or P, A and G. K stands for calyx, C 


corolla, 


. g.G indicates superior position of the i [ 
inferior position of the ovary. œ% is the symbol of indefinite 
of parts, e.g. A œ i.e. stamens are many and free in an and 
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whorl are arranged in two or more 
cuj ir is put between them e.g. K... i.e. the 
whorl are 4 but arranged in two series or whorls 
inner whorl). A male flower is represented by 
by 9 and bisexual (ie. hermaphrodite) by ¢. 
morphic (regular) flower is @ while for 
ir) $ or 4. 


nigra (Mustard. flower, Cruciferae)—@ à Koyo, Ç 


4“ 


ie. K are in two whorls, free ; petals of corolla 
ind in one whorl. Stamens in androecium i.e. 
whorls viz. A,., ; 2 in the outer whorl and 4 in 
ls in gynoecium i.e. G are two, the bracket and 
es Syncarpy and superior conditi 


@¢ K,, C A<, Geo — It 


) als, coroll =s 
of free numerous sta a (C) of 5 free 


J cae ens, gynoecium (G 
the line below ‘G? indicates superior AS 
s (China rose, Malvaceae) 


(Tuberose, Amaryllidaceae) — 


adhesi 
m members dis ion 


inferior ony oe (G) are 


Cay An er 


LI] 


& LM G, 


am Sa diagram illustratin he Telative Posit O d 
t lon an 
g 
em ers in each whorl in relation to the 1 f 


‘orescence 
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In order to construct the floral diagram of a fl 
mustard flower, the flower bud should becut trans 
to ascertain the aestivation of sepals and petals. Cross sec 
the ovary should be made in order to know the number of c 
and placentation. The adult flower should be examined very c 
in order to know the number of whorls and their insertion fn 
outer and inner position of floral members. y 


-S 
Fig. 6.34 — Floral diagrams of À — Ranunoolsces D C 
D —Liliaceae. a — mother axis ; s— Dm cM 


i ins as outermos 

diagram, the calyx whorl remains : E^ 

oe bel, next to that lies androsi and D : 
Sypoecinm lies. Upper black Eu soie Ey 
i ce axis (Fig. 6.34, A). 1 r er 
Bias ihe "dx is called wem g ae per oen bs 
osite to axis is calle Nas 

d RDUM members may be represented by jo 


simply or by connecting them with lines (Fig. 6.34, Cc). 
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= FLOWER 


tw | ith in 
ion of stamens and carpels met wit 
x wil sketches and examples. 


MB 
to a modified shoot". Justify the statement 


different forms of corolla. 


mean by hypogyny, perigyny and epigyny ? Illustrate 
examples. 


structure of a stamen of an angiospermic flower. Give 
sas regards their (a) relative length and (b) union, 
examples, 


1, 6-8) and 6.14 


; aestivation 
monous stamens: pi 
Ccrescent calyx, d Bilabiate and Personate 


phore ; Syncarpo; i 
dous nonce”? us and apocarpous pistil ; mono- 


b); 6.8 (pa. 
runic Ca tte Miarki er 
a r 
alicaceæ ene the co, ” 


CHAPTER VII Sporogenesis and Gametoge 


7.1 Microsporogenesis (Development of microspores) 1 Ñ 
pores or pollen grains are developed within the microsporant 
anther lobes of the stamen. A very young anther is made 
homogeneous meristematic cells and more or less oblong in 
(Fig. 7.1, A). Gradually the anther becomes a four-lobed struci 
each lobe hypodermal cells become differentiated by their sl 
dense contents with distinct nucleus, these cells are called a 
rium or archesporial cells. Next archesporial cells divide to fe 
outer primary parietal layer and an inner primary ro; 


Outer Primary x 
Parietal cell. Epidermis 


—— 
MM. 
x 


i —A-D, Different stages of the development of anther. and microspx 
rg ee Sp. c—Spore mother cells. (Adapted from Maheshwari.) — 


^ i etal 
layer (Fig. 7.1, C). Cells of primary parieta 
aid amu giving rise to sever: 
(Fig. 7.1, D), while cells of the prima 
function directly as sabe Ga a cells (Fg 7 
more cells which function as spore e 
là e ‘wall cells over the sporogenous tissue eyes hes 
jaye called tapetum. Each bec ppc ee pie 
which first one is reduction division or na Aere 
id (m) nuclei arranged tetrahedra y— E 
cum by cell walls and form microspores or pollen grains 


7.2 Structure of Microspore or Pollen grain: "m 
Microspores or pollen grains are asexual reproductive 
produced within anther lobes or microsporagla. 
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i i triangu- 
lipsoidal, circular, tria 
have e fae called exine and a 
ine i tou cutinised wall layer res " 
| Fissoo but usually beset with spiny, 


Stages of the microspores or Pollen pairs, 


- B & D—Nuclear divisions. _E—Cleavage 
- C—Tetrahed arrangement of microspores, 
i th exine (/) and intine (i), 


The pollen grains have 
€ pollen tube comes out 
Own as germ Pores or slits. A 


Surrounded 


“genesis ie, the development of Male Gameto. 


pollen erain is the fi 


rst cell of the male h 
ination Starts within the mi aginn yee 
Microsporan Š 
‘orm a 1 vegetative cel] Lira 2 


Or tube cell a 


d 
Corner with the s 


‘ith Pore wall 
ul ll Fig. 7.3, of 
ch may take 
Fig, 7.4, A) 
t the time 
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of pollination, the pollen grai i 
; grain or microspor eil 
ed or three-celled stage. In all EA NOR r- te 
€s into two male cells or male gametes. The 


` Male cells 


Generative cell dividing 


Fig. 7.3—Different stages of the development of the male gametopl 
(After Maheshwari). 


(sometimes called ‘tube nucleus’) lies either behind the male 
near the tip of the pollen tube. Anyway, the vegetative 
important function, rather a degenerating structure. 


7.4 Development of Megaspore Mother Cell, Megas rog 
and Megagametogenesis i.e. Pre-fertilization changes within 
Ovule : ; 3 

A. FORMATION OF MEGASPORE MOTHER CELL— 


One hypodermal cell of the nucellus of the ovule beco 
prominent owing to its larger size and denser cytoplasm, 
primary archesporial cell (Fig. 7.5, A). Archesporial cell 
to form an outer primary parietal cell and an inner pri 
sporogenous cell (Fig. 7.5,B). Primary sporogenous cell func! 
megaspore mother cell (Fig. 7.5, C) while primary p 
develops into wall; sometimes primary archesporial cell. 
functions as megaspore mother cell without bein ° 
primary parietal cell and primary sporogenous cell. — 
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e megaspore mother cell (diploid) 
or meiosis and divides at first trans- 
dyad). These two cells again divide 
t, a linear row e four anioia Musuporer 
develops (Fig. 75, D). Of these four megas- 
' lying towards the chalaza behaves as 


Generative cell 
dividing in 
Pollen tube 


Polien tube 


Matu 
Modified fis, Sametoph 


Eo Maheshwari, (“'98tammatic), 
pore, While the | d iik 
& Fig. 76 A), Dg Upper three m 
gametophyte or functional Tra Poes 


male e 
the embryo Me 
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(2) The me 


mitotically into t 
6, B). 


Baspore increases in size and its nucle 
wo nuclei which move apart to opposite 


Primary Parietal 
cell 


Primary Sporogenous 


megaspore 
mother cell 


Fig. 7.5 A-E— Different stages of the development of megaspore 
mother cell and megasporogenesis. (Adapted from Maheshwa 


(3) Two daughter nuclei undergo another division giving TI 
4-nucleate stage (Fig. 7.6, C). ; 
(4) Second division is followed by another i. e. thini o 
which gives 8-nucleate structure comprising a micropylar an 
quartet (Fig. 7.6, D). 2 
(5) One nucleus from each quartet proceeds o tie 
of the embryo sacand then these two nuclei fuse forming what 
the polar or secondary nucleus. The three nuclei remaini 
micropylar region form the egg apparatus, each being Wes 
viscid mass of cytoplasm without any cellulose. wall. ec. 
apparatus, the middle one is the largest and is known p pe 
orovum; the other two naked cells on its cite ae š 
synergids. The three remaining nuclei at the i dn cx 
surrounded by viscid mass of cytoplasm and C EAE 
walled cells are known as antipodal cells (Fig. 7.6, . 


io tophyte : 
The above mentioned method of the female game 
is known as the normal 8-nucleate type because this ty 


` 
\ 
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perms and ultimately the 8 nuclei 


Egg 
apparatus 


toph 
ary nucleus © 


art in the dey, 

i elo 
aan in the and iatras ie 
whee Of the four velopment of the 


ts four Ores take 
T1. He megaspores 
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The monosporic female 
gametophyte may be 8. 
Coa donna Tre ot eee gametophyte i$ (he mont Camm 
A as the ‘normal type’. It i called A 
drea this type was first illustrated ty Wiad m in 
> aricatum. The 4-nucleate type is also called ‘Oenothera type” as 
( ques sp. (Onagraceae) and some other members of the family € 
In this type the functional megaspore nucleus (one) divides only twice, 
a micropylar quartet alone is formed. This quartet gives rise. to 
Maur iot cece fe: centrally placed oosphere or ovum and 
R ids) and a single polar nucleus. rer polar 
antipodal cells are absent. uo aic 


The bisporic female gametophytes are typi c 

I 4 i t pically 8-nucleate type= 
naska Allium type’ as bisporic type of gametophyte hs 
Allium sp. ot Liliaceae. This type of gametophyte develops from 
two dyad cells (haploid) formed after the first division of the meiosis f 
the megaspore mother cell. The functional dyad cell after second d 
Meiosis (meiosis II) gives rise to two free nuclei (as no wall is laid 
Meiosis II) which are the megaspore nuclei—these two megaspore 
successive divisions take part in the development of the 
gametophyte. 


, In the tetrasporic female gametophytes, all the four megaspore nuclei 
in the formation of gametophyte. Here all the four megaspore nuclei lie 
the single cell (young embryo sac) after the meiosis of megaspore 
Depending on the polarity and organisation of the nuclei in the sae 
female gametophytes are of the following types :— 


(a) Peperomia type—Noted in Peperomia pellucida (Piperaceae). 
the 4 megaspore nuclei divides twice, as a result 16 nuclei are formed 
uniformly distributed in the thick cytoplasmic layer of the ga 
16 nuclei, 2 nuclei at the micropylar end are organised to form the € 
a synergid, 8 fuse to form the secondary nucleus and the remaining 6 
at the periphery of the gametophyte as antipodal celis. 


(b) Penaea type —Found in species of Penaea, Brachysiphon etc. of 
Penaeaceae. Here 16 nuclei lie in four distinct quartets im a 
i.e. one at each end of the gametophyte and two atthe sides. Next 3 
each quartet are cut off as cells while the fourth one remains free and 
the centre: of the gametophyte. Therefore 4 ‘triads’ and 4 polar 
formed. But the egg cell of the micropylar ‘triad’ only is functional and t 
forms the oosphere. A 

(c) Drusa type—Noted in Drusa oppositifolia (Umbelliferae). Here 3 of 
4 megaspore nuclei move to the basal end of the embryo sac ie. 
and only one remains towards the micropylar end (0143 
megaspore nuclei in the sac). This 1+3 arrangement is followed bya 
then by a 4+12 stage. The 4 micropylar nuclei constitute the 11 antip 
and the lower polar nucleus. 


(d) Fritillaria type — 
Here 14-3 arrangement of 
Next the single micropylar nucl 
nuclei fuse to form a single commo i 
there are 2 haploid nuclei at the micropyl: uclei p 
chalazal region.. Another division resultin ; 

8 nuclei, 4 micropylar are haploid and 4 chalazal lema 
gametophyte thus consists of 3 haploid cells (the 

3 triploid cells (the antipodals) and a tetraploid secondar. 
the fusion of one haploid polar nucleus and the other trip! 


la type—Noted in Plumbagella micrantha (Plumb "T 
(6). Dunbar the 4 megaspore nuclei take up a 1+3 arrangement. 


In this type also a I ane 
| nuclei move towards each other and ultima 
E peaa Toia nucleus. Both the micropylar (haploid) and [ 


am Showing the 
AmMetophytes) 


Division 


Mature 
embryo sac 
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nuclei divides—as a result 2 haploid micropylar nuclei 

auclei are formed. The nucleus nearest the micropylar: p ses 

-osphere, the triploid nucleus nearest the chalazal end con 

antipodal cell whiie the 2 remaining nuclei, one haploid from micro 

one triploid from chalazal end, fuse to form a tetraploid single polar n 
(f) Plumbago type—Found in Plumbago capensis (Plumbagi 

4 megaspore nuclei are arranged within the sac in crosswise m 


4 megaspore nuclei divide into 8 free nuclei which are arranged in f 
‘One nucleus of the micropylar pair cut off to form the oosphen 


remaining nuclei, 4 nuclei approach one another and constitute polar nuc 
remaining 3 nuclei are either cut off at the periphery of the sac as cells 
may degenerate. 


(g) Adoxa type—Found in Adoxa moschatellina ( Adoxaceae). In 
the 4 megaspore nuclei undergo one more division forming 8 nuci 
8 nuclei take part in the formation of 8-nucleate gametoyhyte ie. 
having a normal egg apparatus, 2 polar nuclei and 3 antipodal cells. 


j: SELECTED QUESTIONS 


1. With the help of neat sketches describ? h development 
embryo sac up to the stage of fertilization. 


Refer article 7.4C 
2. Describe the development of the female gametophyte of an 
plant. Why endospermic cells are considered triploid ? 
Refer article 7.4C and'article 9.2 | 
3. Deseribe the male and female gametophytes of any angiosperm yo i 
-studied. £ 
Refer articles 7.3 and 7.4C only. 
4, Describe the pre-fertilization changes that take place in the 
angiosperm. 
Refer article 7.4 A, B and C. š 
5. Compareand contrast the mode of development and function of the 
and female gametophytes of a typical angiospermic plant. 
Refer articles 7.3 and 7.4 
6. Write morphological notes on ;— 
(a) Pollen grain — Refer article 7.2 i I 
i i ne nucleat 
Embryo sac—It is the magaspore of angiosperms when o! a 
ds ated in the ovule. Add C of article 7.4 
(c) Megaspore—Refer article 7.4 B and C. 
7. What is a pollen grain or microspore ? Describe the foi 
microspores within the microsporangium or aother. 
Refer articles 7.2 and 7.1 


Pollination 


-ollinati onis the transference of pollen grain, 
stigma whether of the same flower or ofa 


ition: Pollination is of two types, viz : 


or Autogamy— When the transference of 


s anther of a flower to the stigma of the same 
Tera flowers are generally self-pollinated. 


m is a licable in the transference: of pollen from the 
f bisex vee to the stigma of female or another bisexual 
he same plant - this process is called geitonogamy. According 
parent plant is concerned in self-pollination, 

nation ot Allogamy—It is the transference of 
nther of one flower to the stigma of another flower 

Plant of the same or different Species, All 
re Cross-pollinated. 


lination when takes place within the same Species is called 
'n two different Species is called hybridism ; hybrids are produced te 
or Devices for Cross-Pollination D 


E for ensuring €ross-pollination and hinder- 


€. either stame I 
ver geitonogamy May take place, an of 


Sometimes self- 
the pollen of th 


nce cross. 


142 STUDIES IN BOTANY 


(b) Protogyny—Here Stigma matures faster them 
Michelia champaca, species of Magnolia (Magne 
Polyalthia (Annonaceae) etc. mature Stigma is pollinated! 
of other flowers due to immature condition of thelr own 

(4) HERKOGAMY— When self-pollination becomes 
to some barrier. This is met with in Iris sp. (Iridacem), 
Outer perianth leaf acts as a landing stage for in ) 
anthers are concealed by the overarching wide kar 
barrier is created between the anther and the style, 
crosspollination is favoured by insects. 

(5) HETEROMORPHISM—This is the phenomenon of tl 
of different forms of flowers with stamens and carpels 
lengths, i.e. flowers may have short styles with long 
vice versa in the same flower ; due to this condition 
is not effected, so cross-pollination takes place between 
carpels of same length. This is seen in species 
(Primulaceae), Oxalis (Oxalidaceae), Polygonum 
Linum (Linaceae) etc. 


8.4 Contrivances for Self-Pollination : 


(1) CLEISTOGAMY— Various types of adaptation in c 
flowers belonging to different families are met with. 
sp. (Violaceae) there are apetalous flower or flowers 
petals in which anthers are closely applied to the st 
of filaments. In some cases as in Commelina 
Jinaceae) the flowers are minute and underground, the 
open from bud condition, so there is no chance of tm i 
pollen from the anther of other flower to the stigma of closed 

. Cleistogamy often occurs in species of Impatiens (B 
Cardamine (Cruciferae), Halenia Bree dre acai 
Homocamy—It is the condition ma : 

gust cre at the sametime, so that self-pollination is efl 
although not always. Sometimes pollen grains arec 2 
stigma by some agents like wind, insects etc. Homogamy : 
Argemone mexicana ( Papaveraceae), Opuntia dillenii E 
Microcos asiatica (Tiliaceae) etc. š 

In Mirabilis sp. (Nyctaginacee), self-pollination is favoured 8 
filaments are brought to the contact of the stigma by cur 
twining of the same. 


8.5 Agents for Pollination : - 

The agents which bring about pollination are : (a) wind, (b 
current and (c) animals which include various s= vb. 
birds and bats. The structure of flowers and pol 
in all types of flowers pollinated by different 
to the pollinating agents there are different types 

(1) ANEMoPHILY—When pollination is — - 
wind, it is called anemophily. In wind-pollinat 
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means of wind is no less important. Wind- 
among the members of the families 
llicaceae, Betulacez etc. In this case petals 
ispo need for them. The pollen grains 
light and produced in large quantities. 
or bristly, so that pollen grains 


il; ‘caught by such stigmas. 


in pollination is affected with the help of 
phily. The flowers pollinated by water current 

s. Typical hydrophilous flowers are found 
° monocotyledonous plants like species of 
Zostera etc. Flowers are small and 


P. (Hydrophily), 
» large numb 

the surface 
en is shown e 


í a su 
exine and eee plant are 


Same speci 
and Consequently carried by 
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slight water current and thus brought in contact with the 
stigmas, this is a device for pollination by water. 


In case of submerged water plants like speci 
Hydrilla (Hydrocharitaceae) etc., he pollinaticn RENNES n 
surface of water, e.g. in Vallisneria sp. (which is didecious) 
staminate flowers on maturity get detached from their stalks 
float on water on boat-like spathe ; they are carried to the p ti 
flower (which by elongation of its spirally coiled stalk rises ab 
surface of water), the stigma comes in contact with the W 
the floating staminate flowers, after pollination the female 
dragged below by recoiling of the stalk (Fig. 8.1). 


(3) Zooeuiy—When pollination is affected by anim 
called zoophily. Animal-pollinated flowers are called zoopl 
flowers. Zoophilous flowers are subdivided into (a) ento 
(insect-pollinated), (b) ornithophilous (bird-pollinated), (c) malae 
(snail and slug-pollinated), (d) chiropteriphilous (bat-pollinat 


(a) Entomophily—When pollination is affected by insects d 
called entomophily. The entomophilous flowers are showy, 
corolla are brightly coloured i.e. acting as flag apparatus for attrac 
insects. In addition there are other devices for attracting i 
which visit flowers after flowers—they are honey glands, nect 
glands situated at the base of petals or septal glands secreting 
sweet scent of flowers etc. The pollen grains of entomop 
flowers are larger, the exine is pitted, tubercled, spiny etc. so th 
they can adhere firmly on the sticky stigma. There are vang 
adaptations or devices in the organisation of flowers, e.g. 
thus annuus (Compositae), Bougainvillea spectabilis (Nycta 
orchids, flowers of Papilionaceae etc. 


(b) Ornithophily—When pollination is affected by birds. 


7 ithophilous flowers play a much less important ` 
Jos ary AN a bright conspicuous perianth ; 


they are very large and have ; : 
ele nectar profusely within them which is sought 


humming and other birds. : k Sb 
remarkable adaptation in ornithop. ily exists 1: 
Deine (Musace&). The flower is large and very shoni 
its three outer perianth leaves (calyx) bright orange-yellow, 
blue lip corresponds to inner lateral perianth memba ai : 
arrow-shaped structure including five stamens ; the poris pe 
small, the style lies in the furrow of the same. The ae b 
freely from the furrow enclosing the stamens and style. : 
coloured bird Nectarina afra flies first to the stamens P 
them— so touches them, eg secure mS ean me Peter 
i isiti t the polle 
in visiting another flower deposit t en On ba (Bod 
. Examples are also found in Bombax cer ¿ 
win mir. (Papilionacez), Oroxylon sp. (Bignoniace 
(c) Malacophily — Pollination by other Ban Pi 
squirrels etc. Some fl llinat 


æ) etc- 


owers of aroids are po 
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5 number of trees, slugs also help in pollinating 
e nun 


-Pollination by bats has been noted in some 
‘cadamba (Rubiaceae), Bombax ceiba (Bom- 


anisms in (a) Salvia, (b) Calotropis, 
Vallisneria, (f) Papilionaceous flowers etc. 


)--In Salvia sp. cross-pollination by insects 
al elaborate development of morphological 
m. The stamens, numbering two are pro- 


- Pollination 


ertile anther mechanism in Salvia sp. 


3 $.à—sterile anther, 
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_ (b) CALOTROPIS (Asclepiadacez)—In Ca i ! 
highly elaborate arrangement for ane Dol RN masa fi 
; The corona-like „appendages are associated with the seer 
storing of honey in Calotropis. The pollen is not granular b 
gated into two waxy masses—the so-called pollinia which are’ 
with each other by slender stalk-like processes known à 
lators which end in notched knob-like structure, the corp 
Stamens and pistils are adherent to form gynostegium. i 
are adherent on the lateral sides of the pentangular stigma, 
are small openings or slits between the adjacent cells of anth 
bee or insect in search for honey comes in contact with 
corpusculum which comes out partially through the slits of T 
The corpusculum is hygroscopic, it is caught by the leg of t 
firmly. The insect when retiring from the flower drags 
whole pollinia attached to its leg and on visiting another f 
pollinia are deposited on the adhesive stigma of the sa 
cross-pollination by insect is easily brought about. 


(c) Ficus( Moraceae)—Jn Ficus sp., the small flowers are 
enclosed by the receptacle of the hypanthodium, but there 
small opening through which small insects enter. Ecological ad 
tion has arisen in Ficus for ensuring cross-pollination by insec 
hypanthodium contains three kinds of flowers—the male flowers 
two kinds of female flowers-—one with short styles called gall fk 
which are sterile and the others with long styles which a 
Pollination is brought about by means of very small v 
so-called gall insects (Blastofaga) which enter the hyf 
through its small apical pore to lay theireggs in the ovaries | 
flowers. As the male flowers are there, the bodies of w 
he wasps on entering another hypa 


dusted with pollen ; e 
come in contact with the styles of fertile female flowers, 


pollination is effected. 
(Orchidaece)—The highest adaptation for 
pollination by insect agency is developed in the flowers of 
The labellum or lip acts as flag apparatus as well as landing 


and constrmodon of ohe 
in the transference of pO : : 
stigmatic lob id disc which secretes a sticky 
entire pollinia adhere to the body of insects. 

caudicles and corpu 


orchids. 
e) VALLISNERIA (Hydrocharitacec 


for pollination. 
PAPILIONACEOUS FLOW! 
f is an adaptatio 
ard is the flag apparatus 
mand he flower is so constructed 


insects. 
re on wing petals causes the keel to come 


)—Refer article 8.5 (2), & 


the wing petals are the la 
as that the weight 
down—as 8. 
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thing filament jerks out and conse- 
Eu dusted body of the insect. 


ntages of Self and Cross-pollination : 


s least possibility of failure and an 
^ oni pam For self-pollination 
external agents to carry pollen that is 
ed. Disadvantage of self-pollination is 
continued generation after generation, it 


' advantages, such as : 


' progeny, (b) it results in the produc- 
(c) plants are better adapted in nature and 
production of new varieties. 

antage is that for cross-pollination plants 
s external agents and there is wastage of 
phily. 


ED QUESTIONS 


ioi with cross-pollination indicating their advantages 
Ww 
8.7 

ot various contrivances favouring cross-pollination 


° contrivances favouring Self-pollination of flowers, 


contri: rA vm 
lination ig^ for Cross-pollination. De 


any bisexual flower tha scribe the 


you have 


: (a) Salvia, 


S— Refer article 


efer article 8.5 “iy 
articleg2 
article 8 ae 


a Í 8.3 (5) 
) 
Refer article 8.6 (d). 


Ma s E 
1 Also designated as fecundation. 


` 


CHAPTER IX Fertilization and Post-fe 
zation changes withii 
Megasporangium (O 


. 91 Definition: Fertilization or syngamy* is the 
biological process of sexual reproduction, it is the union 
dissimilar sexual cells—the male and female gametes rest 
formation of zygote. 


9.2 Germination of Pollen grain, Course of Pollen 
the Process of Fertilization : ' 


In angiosperms, the pollen grains after being 
from the anther are carried to the stigma, where they 
ancd produce pollen tubes which are the male gametoph 
sp rms. The time taken by the pollen grains to germinat 
stigma I 
from species 
—it may be 
or may 
few minutes t 
days even. 
step of g 
the pollen 


tissues o 
. and style. 
1— Diagram of a flower (in 1. s.) showing the ` - only one 
course of the pollen tube (porogamy). comes out 
in but in some members of the family Malvaceae, 
pollen sr Campanulaceae etc. several (10-14) pollen a a Fo 
to come out from the same pollen grain, but only on pr 
matures. Sometimes the same pollen tube may divide ink 


Fig. 9. 
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the pollen tube bears the living 
cn o de tube nucleus and the genera- 
cleus and the two male nuclei (gametes) as 
soon as the nuclei pass into the cytoplasmic 
callose plugs are left in the empty portions 
wth of the pollen tube is stimulated by the 
by the stigma. EM 
has emerged from the pollen grain, it 
igmatic papillae and then pass into the 
Styles may be hollow or solid. The centre 
' is generally filled with transmitting tissue 
lulai Gels while the former type has a wide 
- In hollow styles, the pollen tube grows 
lining the stylar canal and in solid styles 

h the transmitting tissue. After reaching ` 
iry, the pollen tube with its nuclei (two male 
nucleus) may enter the ovule either through 
round about way through the chalaza. The 
ition and is known as porogamy ; the latter 
gamy which is found in Species of Casya- 
Juglans (Juglandaceae), 
(Rosaceae), Cucurbita 
ae) etc. the pollen tube 


is condition is 
n penetrating 
€ either through 
igh the chalaza, 

uments or funi. 
y be, the pollen 


.` n e 
nerate even befor 
K tube—these 

S are not essential 
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fusion is the formation of primary triploi 

this nucleus acts as the fira End EI Osp 
angiosperms, fertilization occurs twice—in the first, on 
gametes fuses with the egg cell and in the other, another 
fuses with the diploid secondary fusion nucleus—this ph 
known as double fertilization. Double fertilization - 
was first observed by S. G. Nawaschin in 1898 in Lilium 
(Liliaceae) and Fritillaria tenella (Liliaceae). The fu 
male gamete with diploid secondary fusion nucleus 
fusion of two polar nuclei (n)] is the triple fusion and | 
nucleus is triploid endosperm nucleus (3). Zygote oro 
the first cell i.e. mother cell of the embryo. 4 


9.3 Post-fertilization changes within the Ovule: 
changes take place within the ovule after fertilization 
in the formation of seed. 


The zygote or oospore gives rise to (a) embryo, cells | 
diploid (2n); (b) the triploid (37) nucleus or so- 
nucleus gives rise to endosperm, the cells of which are 
(c) the ovule together with embryo and endosperm as a 
rise to seed which remains covered by the seed coat dei 
integument(s). 


(a) DEVELOPMENT OF EMBRYO (EMBRYOGENY)— 


On the basis of the method of the division of the zygote mue 
differentiation of terminal and basal cells in the proembryo, Johan: 
recognised six principal types of embryo development among the d 
angiosperms. These six types may be distinguished from one 
following characters :— 


A. Zygote divides by a vertical wall...... 1. Piperad e 


B. Zygote divides by a transverse wall b 


a. Terminal cell of the 2-celled proembryo divides by a vertical 
a -shaped 4-celled proembryo : E 

(i) The basal cell plays only a little part or no part in the further G 
of the embryo......... 2. Crucifer type (e.g. Cruciferae, Onagraceae; 


etc.) 
ii th basal and terminal cells contribute to the deve 
ENS Asterad type (e.g. found among the members of 
Compositae etc.) E : 
b. The terminal cell of the 2-celled proembryo divides by a transv 
forming a straight 4-celled proembryo : : 
1. Basal cell plays alittle part or no part in further develop! 
embryo :— 
i llforms a suspensor of 2 or more cells....-- 
MU E basai g found Ae the members of Solanaceae, e 
ii 7 further division; suspens 
(ii) The basal cell andera no aM 
rmed from the terminal cell..... 
M dk (e.g. found among the member: 


land terminal cells contribute to the 
2 Potr pae Chenopodiad type (e.g. members of 
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T 1913-1948) and Schnarf (1929), has 
powere enait type, Asterad type, Solanad 
Chenopodiad type on the basis of above mentioned 


Fig. 9.3—Development of 
embryo in Scabiosa sp. of 
Piperad type. Two (1) and 
four (2) celled proembryo. b— 
basal cell, t—terminal cell. 
(Adapted from Johansen). 


Dro developmen 
TYO o| 


tin 
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Suspensor, sometimes the basal cell does not divide and becomes 
forming a large vesicular structure. 


(i) Typical dicotyledonous type i.e. Crucifer type- 
dicotyledonous type of embryo development is found 
bursa-pastoris of the family Crucifere. 3 


Zygote (Fig. 9.5 A) divides first transversely into a basal 
and a terminal cell (ca). Next cb divides transversely 


i i f the development of a typical dicotyl 
Fig. 9.5—Different Es o ieee o | dines 
embryo io epee. (Adapted from Maheshwari). E- 
ivi itudinally resulting in the fori 
and ca divides longitudinal 
Hi watana T (i.e. ‘_’)-shaped prosmibiyo comi 
3 n (Fig. 9.5 C). Now each of the two tormine beel 

longitudinally at right angle to the first longitudin sion 


E 
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e (Fig. 9.5 D). Quadrant cells then 
stage) ip transverse. division (Fig. 9.5E). 
octant give rise to stem tip and cotyledons 
to the hypocotyl and the core of the radicle. 
ofthe octant divide periclinally (i.e. parallel 


ning outer and inner layers (Fig. 9.5 F). 


ci and cm of the four-celled proembryo 
ng a row of several (6-10) suspensor cells—the 
becomes swollen and vescicular (Fig. 9.5 
ably serves a haustorial function ; the lowermost 
he hypophysis which later divides further and 
pis and cortex of the radicle and root cap. The 
| the embryo deep into the embryo sac. Further 
mbryo proper also takes place at two points in 
forming more or less a cordate structure 
sverse cell divisions, cotyledons and hypocotyl 
cotyledons become horse shoe-shaped structure 


curvature of the ovule. As the embryo matures, 
ly wither. 


otyledonous type of embryo development is seen 
' the family Juncacez (Fig, 9.6). Zygote divides 
1 a terminal ca cells. Then the terminal cell ca 


t stages of th : 
in Luzula for, development or, |... 
forsteri, (Adapted ron Mahene"°cotyledonous 
Wari), 
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divides longitudinally into two cells while 

transversely into ci and m cells. Next two esl A P bo 
at right angle to the first and give rise two quadrant g, ç 
longitudinally into two cells while ci divides transversely 
cells. By successive divisions the cells of quadrant become 
into Z and /' portions—/ gives rise to lower part of cot} 
upper part of the cotyledon, hypocotyl and plumule; 
rise to root cap and n’ to the short suspensor (o and p cells) 


(b) ENDOSPERM FORMATION— ‘ 
. Endosperm is the main source of the' food for the embryo, h 
important. In angiosperms, endosperm tissue is triploid (37) as it is 
of triple fusion [as a result of a fusion of two polar nuclei (n+n) and 
male gametes ()] involving double fertilization. In angiosperms, 
families Orchidaceae and Podostemonaceae, there are three ge 
endosperm formation, e.g. (a) nuclear type, (b) cellular type and (c 
_ Development of both the zygote and endosperm 
simultaneously in angiosperms. 


(1) Nuclear type—The endosperm nucleus divides and 
forming numerous free nuclei (Fig. 9.7). These free - 
normally unaccompanied by 
in the beginning. The nuclei. 
towards the periphery of the 
as a result a vacuole is fo 1 
centre. Sometimes nuclei area 
towards the micropylar and X 
ends; free nuclei remain suspen 
pherally in the cytoplasm lining 
of the embryo sac. In later 
formation occurs by the laying 
cell plates which begin from penp 
the sac towards the centre or m 
apex of the sac towards the ba 
type of endosperm formation 18 
as nuclear type. While the em 
endosperm formation are tak 
within the embryo sac, syne 
antipodal cells are disorganised. * 
type of endosperm formation is 
in many plants like species o 
Mangifera, Malva, Juglans, 
, Calotropis etc. 

'ellular type—In this type, the 
of i Saar endospentt nucleus is 
followed by the format alls wi 
Fig. 9.7— Nuclear type of endo- o E T 
sperm formation In angiosperm. put may be vertical or oblique song 

ins one or more than one nucleus. „Cellular type o e 
cell contas ies of Adoxa, Peperomia, i 


is noted in speci ; 
teer members of Anonaceae, Gentianace: 


(Fig. 9.8 A): 
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d the cellular 
J i ween the nuclear an : 
Mn noted in species °. Po poa 
a: riaceae), Vallisneria (Hydrochari T ce 
primary endosperm nucleus, transve 


A 
e 
e 

e 


.(G 
& 
e Fig. 9.8—Types of endosperm formation, 
A—Cellular type in Villarsia reniformis. 
B—Helobial type in Eremurus himalaicus. 
(Adapted from Maheshwari). 


two daughter nuclei so that the embryo sac is divided into 
ind chalazal chambers. Further divisions are free nuclear 

ce in both the chambers. But usually the main body of 
d by the micropylar chamber only. (Fig, 9.8 B), 


OF SEED—The ovule or megasporangium 
d after the complete development of the embryo, 
°v lop into Seed coat—the outer integument into 
gument into Fd Stalk of the seed develops 
um, micropyle, raphe etc. devel i 
id p op into " 
fm and nucellus are completel 
1 y absorbed by the 
x called exalbuminous ; if endosperm is télised 
s aces called . albuminous. Sometimes nucellus 
bu perm outside the endosperm—then the seed 


ony : 
of more th 


the cleay 
3 age 
i )or Proembryo (e.g. Erythronium amer i * 
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Nymphaea sp.). In the famil i 

i 3r Orchid 0 

is of frequent occurrence. The embryo po also be OA i 

synergids in addition to Zygote, e.g. Elastostema sinat 
The phenomenon of E 


polyembryony, also known as adventive emb; 

1 ryon, 
formation of several embryos takes place due e 
Proliferation of the cells of the nucellus or integuments,” 


9.5 _Apomixis : Winkler (1908, 1934) has coined the 
apomixis ; according to him apomixis may be defined “as 
substitution for sexual reproduction of an asexual process ' 
does not involve any nuclear fusion.” So in case of apot 
asexual method of the formation of embryo instead of m 
production by fertilization takes place. F 


Apomixis may be sub-divided into four types (accordin 
‘Maheshwari, 1950) as follows :— 


(a) FIRST TYPE OR NONRECURRENT APoMixis—In this type, 
female gametophyte i.e. the embryo sac develops normally as a f 
of the meiosis of megaspore mother cell and hence haploid. ` 
development of the embryo may take place directly either from. 
haploid egg cell (called haploid parthenogenesis) or from some 
haploid cell of the embryo sac (called haploid apogamy)—in this 
haploid plants are always produced. The plants produced by 
method contain only one set of chromosomes, hence the plant 
sterile and the process is not continued from one generation to am 
Nonrecurrent apomixis is found in Solanum nigrum, Lilium mai 
Epipactis latifolia etc. 


(b) SECOND TYPE OR RECURRENT Apomixis—Here the fer 
gametophyte i.e. embryo sac is diploid i.e. all the nuclei of 
embryo sac contain diploid (27) chromosomes as there is no red 
division in the number of chromosomes—this type of diploid € 
sac originates either from a cell of the archesporium (ge 
.apospory) or from some other cell of the nucellus (somatic apospo 
The embryo may develop either from the diploid egg cell ( 
diploid parthenogenesis) or from some other diploid cell of the e 
sac (diploid apogamy). Recurrent type 1s found in Taraxacum ato 
Hieracium excellens etc. à 

THIRD TYPE OR ADVENTIVE EMBRYONY OR . SPOROPHY 
nicks —In this type, embryo or embryos never desine nd 
cells of the embryo sac ie. the gametophyte whether pipe P 
diploid, but develop from any diploid sporophytic = Hi d 
nucellus, integument etc. Hence the diploid cells of t Sis ir : 

ive rise directly to diploid new embryo. This type 1s no 


trifoliata, Nigritella nigra etc. 
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il Ibils or 
rs are replaced by bu b 

E Dey often germinate while still n 

As this type is merely a form o 


ment and differentiation of typical dicotyledonous 


of development of a dicotyledonous embryo after 


ment ofa typical monocotyledonous embryo, 


How it is formed in seeds of Spermatophytes ? 
fertilization changes that take 


i Place in the ovule of 
to the formation of a 


Seed. Illustrate with 


anda Seed. Describe the development of t 
abr} ing to different types of seed. mter 
iaa 12.1; 9.3 (c) 


ny—Refer article 9.4, 


v IZation—Refer article 92, 
er article 9.5 


CHAPTER X Fruit 


10.1 Definition: A fruit may be defined as a seed be; 
ture produced usually after fertilization from the ovary of 
with or without accessory parts, or from an entire inflorescei 

As a result of fertilization the ovary enlarges, the style and of 
flower wither away and fall off ; the enlarged mature and modified os 
ing the seed or seeds remain—this is the fruit. Sometimes the style or 
parts of the flower also remain along with the fruit. A fruit may 
from a number of flowers, i.e. from an inflorescence. 


10.2 Changes that take place at the time of Fruit formatio 


During the maturing of the ovary many important change 
place which consist in addition, alteration or abortion of 
within the ovary, these are :— 

(a) Formation of false partition walls within the ov. 
in species of Datura, Lycopersicon in which the originally 
ovary becomes four or more-celled in fruit. 

(b) Abortion or obliteration of parts as the ovary Tip 
the young tricarpellary ovary of Cocos nucifera becomes o 
in mature fruit; the pentacarpellary ovary of Mangifera indie 
becomes one-celled during ripening of the ovary. 4 

(c) Changes often result in the ovary due to the devel 
succulent parenchyma (the pulp) filled with sugars, acids etc. - 

(d) Sometimes other parts of a flower also take part ii 
formation of fruit together with the ovary ; in this case true I 
of the fruit i.e. the mature ovary remains insignificant and tiny, 
parts such as the thalamus, receptacle, calyx etc. entering 1 
composition form the major part of the fruit. These fruits are Kna 
as false or spurious fruit or pseudocarp. 1 


10.3 Difference between False and True Fruits: [Refe 
article 10.2 (d)]. When no other part of the flower except the 
only takes part in the formation of the fruit, the fruit is calle 
ruit. 
4 10.4 Parts of the Fruit: A fruit consists of two pu à 
(a) the pericarp developing from the wall of the ovary po (b) ! 
seed or seeds developing from the ovule or ovules. * 
may be thick or thin. When the pericarp Is thick, : T a 
layers, viz. the outer thin layer called evicarp which P i : 
P. the fruit, the middle layer called mesocarp whi E 
Š Ip and the inner layer called endocarp. Endocarp may 
dei membranous or it may be hard and stony- 


ificati it : i her false or true 
.5 Classification of Fruit : Fruits, whet or 
be diassified into three groups viz, (a) simple, (b) aggre 
(c) multiple or composite. : 
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-When vary of a single flower with or 
r EM false fruits as explained in article 
uit, it is called simple fruit. 

dry or fleshy. The dry fruit again may be 
cent and (c) schizocarpic. 


‘These fruits are always dry, the pericarp 

son ripening and the seeds are liberated. 

as follows :— 

dry many-seeded dehiscent fruit ‘which 

monocarpellary ovary. The pericarp dehisces 
. Examples— fruit of Calotropis procera, 

e), Alstonia scholaris (Apocynaceae), etc. 


The fruits of the 
lablab, species of, 
10.2 B) etc, ‘of the 


Fig.102 A. 
esculenta, Bere: Pp Abelmoschus 


m sativum, 
celleq (Fig. 10.2 A), 
rom 


le seeds are Je respective 
agal). ft on the centra] 


are Rhododendron 
les of loculicida] ieee - 
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species of Hibiscus, Gossypium etc. ; 
is Datura sp. : T "e r 


4. Siliqua—The fruits of the fan 
are usually siliquas. This dry de 
develops from a superior bicarpellary ov, 
is one-chambered, but on maturity if 
two-chambered by the formation of a ` Ise 
wall called replum. It dehisces from bas 
the seeds are left on the false 


the replum (Fig 10.3). 


(B) Indehiscent fruits—Indehiscent 
not burst or split open at maturity, the 
Fig. 10.3 Siliqua liberated only by the decaying of the per 
of Brassica sp, by accidental destruction of the pericarp. T 


of fruit may be again (1) dry and (2) Jesi 
1. Dry Indehiscent fruits—These may be of following ty € 


(a) Cypsela—it is a dry, one-celled and one-seeded fr 
develops from an inferior bicarpellary ovary. Here the 
free from the seed coat. Example—Helianthus annuus, 
and other members of the family Compositae. (Fig. 10.4, A)- 


(b) Caryopsis—1t is a very small, one-celled, dry and om 
fruit developing from a superior monocarpellary ovary. In t 
of fruit the pericarp is closely fused with the seed coat and 
fore inseparable. Fruits of Gramineae e.g. Oryza sativa, Z 
Triticum aestivum etc. are examples of this type. (Fig. 10.4, B 


Fig. 10.5—Nut of Q 
x c--cupule - 


Fig. 10.4—Indehiscent dry fruits 
A— Cypsella, B— Caryopsis, C—Achene. 
(c) Achene—It is a small, dry 


i elops from a superior or inf 
Mesi ae pericarp is very thin and free from the 
Examples—species of Naravelia, Clematis (R. 


repens, Mirabilis jalapa (Nyctaginaceae) ete. ( : 
€ SE 
icle—It is a dry, one-celled, one or Jev j 
] ip frin a superior monocarpellary d z 
deovided with a thin membranous loose pericarp W. g 


" Examples it . Ch nopo- 
at. Basella sp. Chenopodium sp ( e 
1 m , 


Glans isa dry, one-celled and one-seeded fruit 
ps ES eir pi or polycarpellary ovary having a 

‘pericarp. Sometimes, the fruit is enclosed by 
bract. Examples— Anacardium occidentale, species 
Fagus, Castanea, etc. (Fig. 10.5). 


5 


tisa fleshy, one or more chambered, one or more- 
rom a superior, monocarpellary or 

ty ovary. Here the pericarp is differentiated into epicarp, 
locarp. The epicarp forms the skin of the fruit, 

lly forms the fibrous and juicy pulp, and endo- 
d and stony inner layer. Examples—Prunus domes- 
neniaca (Rosaceae), Mangifera indica (Fig. 10.7 A, 
? mauritiana (Rhamnacee) etc. are examples 
pes. In Cocos nucifera (coconut, Palmae), Areca catechu 


jae), the mesocarp is dry and fibrous—hence coconut, 


are called fibrous drupes. Borassus flabellifer (palmyra 


) ie example of more than one-seeded drupe, but in 
ed is provided with a separate e 


š 4 ndocarp round it. 
ta usually a many-seeded fleshy fruit which 
i compen la lary, superior or inferior 


Many-seeded fruit 
j aced in two tows, 
Aion walls. The 
€ edible 
€, Rosaceae), (Fig. 105 Bj 
celled, many-seeded fen; 
the inner layer ot the Perion 
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form the pulpy edible part. The seeds are provided wit 


ginous seed-coat (testa). Example —Aegle [ 
^ Feronia limonia (wood-appel, katbel) of the family Ratan 


covering of compartments : the edible part is the i julo 
V ; 1nner juicy 
hairs of the endocarp. Examples—Citrus aurantium (lemon, 


EPICARP 


77 MESOCARP 


ENDOCARP 


SEED 


EPICARP + MESOCARP 


ENDOCARP 


EDIBLE HAIRS 


i — its. A—Drupe of Mangifera indica. B—Pepo of Ci 
Bip 19.2 Vs Aen of Citrus sp. Gide tiie of Malus Petrii; < 
(d) Pepo—It is also a fleshy, many-seeded fruit which 
from the inferior, one-celled or falsely 3-celled polycarpe 
with parietal placentation. Here the epicarp is leathery or more o 
hard, the seeds remain attached to the placenta not like typ: 
but loosely embedded in the pulp. Examples—fruits of 
siceraria, Cucurbita sp. etc. of the family Cucurbitacex. (Fi 


Pome—This is a two to many-celled inferior, flzs 
nan Here the thalamus becomes enlarged, fleshy 
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ers the ovary which is more or less 
false fruit is known as porte. Example— 
ex). (Fig. 10.7, D). 


? fruits—The term schizocarp is 
cud into a number of indehiscent bits, 
ber of component carpels. Each indehiscent 
one or more seeds. Here the pericarp 
m but seeds are liberated only by the 
ricarp or by its splitting 


It is a dry and two-seeded fruit which develops 
pellary ovary. The two halves i.e. two mericarps 
ħed on a common axis—the carpophore ; on 
° but remain attached pendulously by a slender 
andrum sativum, Foeniculum vulgare and many 
to the family Umbelliferae (Fig. 10.8, B). 


MERICARP 


Fig. 10.8—Different types of 
Schizocarpic fruits, 
A—Lomentum. B—Crem 
—Samaroid, Desa 42 
E—Carcerule. 


T more-celled and wi i 
or tricarpellary Say ne ot 
d "pue seks Up into com s 

ic. A EM Not split furthe 
pes er to 


C. Fruits de (Malpigh 
em 


a 
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3. Regma—This is a dry fruit which develops froma s 
or polycarpellary ovary. The fruit splits up into as 
called cocci, as there are carpels. Each part contains one: 
seeds which are liberated on the decaying of the dry pe 
Examples — Ricinus communis (Euphorbiacez), Hura 
Geranium sp. (Geraniaceae) etc. (Fig. 10.8, D). 


4. Lomentum—This is a dry legume-like fruit develop 
a superior monocarpellary ovary. Here the fruit is t 1s 
constricted between the seeds and on maturity the fruit bre 
into bits containing one or more seeds. Examples—species of 7 
Mimosa (Mimosae), Entada gigas (Mimosae) etc. (Fig. 10.8, A 

5. Carcerule—This is a small, dry fruit which develop 
superior bicarpellary ovary. The fruit later on splits 
chambers enclosing one seed each. Carcerule is the charai 
fruit of the members of the family Labiatae. (Fig. 10.8, E). 

II. AGGREGATE FRurrS—In flowers having apocarpous pisi 
carpels), the ovaries of re 
carpels mature up into l 
tered together ona pedicel Or 
of the flower, such fruits are Ki 
as aggregate fruits—in other 
these fruits are the prod 
single flower having apocarp 


In aggregate fruits, the fru 
derived from the ovaries 0 
carpels may be— 


Fig. 10.9—Aggregate fruit. š 
Etaerio of PSU of Artabotrys (i) Berries—called eta 
odoratissima. berries ; examples—Polyalthia 

folia, Artabotrys odoratissima, Annona squamosa (Annonace 


(Figs. 10.9 and 10.10). 


j i i .11—Etaerio of achenes 
Fig. 10.10—Etaerio of berries Fig. 10.1 prd fe 


of Annona squamosa. 


\ 
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gerio of achenes ; examples—Clemais sp. 
famil hos (Fig. 10.11) 


‘etaerio of follicles ; examples— Magnolia 
paca (C LAS etc. (Fig. 10.12, A). 


"Fig. 10.12—Aggregate 
fruits. 


A—Etaerio of follicles of 
Michelia champaca, 


B & C— Etaerio of drupes 
of Rubus idaeus (B— 
entire, C—longitudinal 
section). 


d etaerio of drupes ; examples— Rubus idaeus, 
eae) etc. (Fig. 10.12, B & C). 


IPLI Composite FRUITS— These fruits are the 
orescence together with its com ponent parts. 


I up m. 
Zz 


— < ws 


iple fruits A~s 
; » A—Sorosi 
` B—Sorosis of bi phen oonttocarpus heteropj, llus. 
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In Ananas comosus (Fig. 10.13, B) there is a crown of ste 
bracts at the apex of fruit ; the surface of the fruit is repres 
polygonal areas, each of which is the united ovary of theo 
flower of the inflorescence spike. The rachis, perianth an 
become fleshy and succulent forming the edible parts of the fr 

In Artocarpus heterophyllus (Fig. 10.13, A) the rachi 
shaped, not fleshy ; the edible juicy ovaries of fertile flowers 
become succulent—at the axils of bracts there are si 
perianth (calyx) which also forms the edible part. 


(ii) Syconus—It develops from hypanthodium inflore: 
fleshy rachis of the inflorescence (Fig. 5.12) becomes suc 
ing the minute achenes, each of which is developed fi 
flowers of the hypanthodium—-so it is a multiple or composite} 


In Ficus benghalensis and other Ficus sp., the hollow 
receptacle becomes fleshy which encloses a number of 
achenes developing from female flowers closed within the 

Chart showing the classification of Fruits — 
Enis 


l | 
I. Simple II. Aggregate A 
(a) etzerio of berries 
(b) etaerio of drupes 
| | (c) etaerio of follicles ( 
1. Dry | (d) etaerio of achenes (b) Š 
I 2. Fleshy 


| | l (always indehiscent) 
(a) Dehiscent (b) Indehis- (c) Schizocarpic . 
cent l (i) Drupe 
(i) Follicle | (i) Cremocarp (ii) Berry or Bacca 
(ii) Legume (i) Cypsela (ii) Samara (a) Balausta 
or Pod (ii) Caryopsis (iii) Regma .(b) Amphisarca 
(iii) Siliqua (iii) Achene (iv) Lomentum (iii) Hesperidium 
(iv) Capsule (iv) Utricle (v) Carcerule (iv) Pepo 
(v) Nut or (v) Pome 
Glans 


SELECTED QUESTIONS 


i i ibe di ith examples. 
1. What is a fruit ? Describe different types w! . $ 
or, Classify different kinds of fruits. Give examples—Refer articles 10.1 í 


2. Write notes on :— š ; 3 
(a) Jack fruit (Artocarpus) — Refer article 10 5, III.(i), page 165-1 
(b) Simple fleshy fruit—Refer article 10.5, B (2), page ; + XM 
(c Schizocarpic fruits— Refer article 10.5 (C), page 1 ETT 
(d) Fruit of Pomegranate ( Punica granatum) — Refer prt icle 10.5, s 
Fruit of Ficus—Refer article 10.5, HI (ii), page 1 AT Diem 
(f) Difference between false and true fruits Rate i E 
(g) Syconus — Refer article 10.5, II (ii), page x dt ü 
(h) Aggregate fruits—Refer article 10.5, II, page 5 


dispersa i istribution 
1 to different places for distri 

n, otherwise over crowding in a place 
existence for shortage offood and shelter and 
‘tinction of species. 


is are carried by some agents directly or indirectly 
: herois Py possibility for the survival and 
es, as there would not be any struggle for space 
ihe widely apart plants. 
itsare not able to move independently from one 
r—hence they have to depend on some agents like 
mals etc. for their dispersal and thus morphological 
and scecs varies according to dispersal agencies 

ed as follows : 
AL BY WIND :— 
ne of thé best carriers of seeds to distant places, so the 
ures of such wind.bi 


3 orne seeds and fruits are 

| possession of such organs which can help them to 

can convey them to a distance, such contrivances in 
are: 


ight—Very small, dry seeds of orch 
of grasses are easi] 


° ids and grains 
Y carried by win 


d due totheir 


of testa at one e 


—In speci "a p ira 
Pocynaceg), Ci e cies of A stonia, 
; to be drifted al a long distance’ “comma 


tent feathery Styles — This ; 
le matis, Narayeliq of | tà 


seen in f, 
Tuits can float in air. 


Tuits 
nunculaceg ; iy ae) of 
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Oroxylon sp. (Bignoniaceae) are wi 
i winged (devel t 
Shorea robusta (Dipterocarpaceæ) evsisteat’ RED 1 
z iptage benghalensis (Malpighiaceæ), Dioscorea alata (Dio 
ave fruit-wings developed from fruit pericarp. 


Fig. 11.1 A—Seed of cotton (Gossypium herbaceum’. B —Winged se 

Swietenia mahagoni, C—Comma of Calotropis sp. D —Samaroid 

fruit of Dipterocarpus sp. E—Winged seed of Oroxylon sp. 

4. Censer mechanism—This is a mechanism by which 

small seeds are liberated from the fruits slowly through pores 

dispersed to a distance after fruits are being shaken b 

In Argemone mexicana (Papaveracex), Aristolochia gigas ( 
chiacez) dispersal of seeds by this mechanism is noted. 


II. DISPERSAL BY WATER :— 


In aquatic plants and the plants growing by water-side, se 
fruits need to be carried by water current to a long distance. 
plants the seeds and fruits generally develop floating devices 
form of spongy or fibrous coats, water-proof and buoyant natur 


coats etc. 
In the fruit of Cocos nucifera (Palmae), the fibrous mesoca 
floating device ; the hard endocarp protects the embryo from e 
injury—hence the fibrous fruit of coconut is capable of floatin 
distances in water without suffering any injury. Such type o 
device is also seen in Areca catechu and Nipa fruticans 
The spongy thalamus of Nelumbo nucifera ( Nymphaeacew) en 
numerous achenes on|'ts hemispheric top help the fruits to H 
water. Seeds of mak aquatic plants like Nymphaea pub 
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(Alism i i 
tc. are light and sma 
ie to the EM du aril containing air. 


inen i h as 
o beings and other animals such 
‘is by no means infrequent. Various devices 


ia diandra. Fig. 11.3—Fruit of Xanthium strumarium. 


and in dry indehiscent fruits. The common 
owth of prickly bodies on the pericarp of Xan- 
Composite). One ` 
| in getting clothes 
such plant when 
Strumarium 


ès of Chrysopogon 
Spinous fruits 
aranthacee) are 
by animals. We 
caught by those 
a field. Another 
in the Outgrowths 
Sharp claws, 


get embedded into 


n Pupalia 
d bristles 


d elaboration 


Ë Fig. wned frui 
» flying foxes Cirio reo of 
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are found in succulent berries, syconus etc. The 
fruits have resistant thick testa. The fruits are eaten 
seeds remain undigested in the intestine and excreted off, 
germinate. The growth of Ficus benghalensis (Moraceae 
buildings is due to such mode of dispersal by birds. ' 


IV. DISPERSAL BY EXPLOSIVE MECHANISM :— 


Explosive and dehiscence mechanism of capsules of 
are the means of dispersal fof seeds to certain distance. 
of Impatiens balsamina (Balsaminacez) and Oxails sp. (O 
when touched burst with sudden jerk and a little sound ; 
the seeds are scattered to a distance. 


Fruits of many members of Acanthacez, e.g. specie 
graphis, Barleria, Ruellia etc. dehisce suddenly into two 
apex to base and thereby eject the seeds (attached to hook-li 
tions called jaculators or retinacula) to a distance. The long) 
Bauhinia vahlii (Cæsalpinaceæ) explode suddenly producing | 
loud report and scatter the seeds. In Ecballium elaterium (Cv 
tacez), violent explosive ejection of seeds at the point of a 
of fruits with the stalk is noted when fruits get detache 
stalk. > 


SELECTED QUESTION 


1. Describe the mechanism of dispersal of fruits and seeds throu 
agencies with examples. 
Refer chapter XI. 


turi of Seeds 


i consisting of an 
ilised ovule, consisting o 
E or coats developed from 


structure of spermatophyta (i.e. seed plants) 
nosperms. 


seeded e. seeds are enclosed within the fruit 
"crt rigen are exposed on carpellary leaves 


(may or may not present) and (2) Perisperm 


PERI (may or may not present) 
umule 
Ka 


Radicle 


(tigellum 
otyledon(s) 


ziosperms may be monocotyledonous and 

ling to the number of cotyledons present. Mono- 
yledonous seeds again are of two types, viz. 
albuminous ( endospermic ) 
@ (endosperm or Perisperm) stored in the coty- 
Dy or the food stored outside the embryo 


J Dicotyledonous Exalbuminous Seeds : 


(Cicer arie 


tinum, Papilionaceae) prio. 12.1 
` at one end an 


: d poi 
less triangular in outline. — St the other end 
^ E 


Tegmen 
Axis (tigellum/  lumule 
tyledons(2) Radicle 


ng t 
Very near bel A 


e micropyle, the 
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(b) Kernel—On removing the seed coat iti d. 

1 tis obtained 
type of seed kernel is the embryo which consists of two thi 
(i) cotyledons and (ii) an axis or tigellum. Cotyledons are at 


TESTA 


STROPHIOLE 


Fig. 12.1—Structure of a gram seed. 


this axis. The upper end of the axis with crowded immature: 
the plumule (gives rise to shoot) and the lower end lying 
pointed end of the seed is known as the radicle (gives 
The point of attachment of the cotyledons to the axis i.e. 
forms the first node (i.e. cotyledonary node) of the axis. Th 
portion of the axis just below the cotyledonary node i.e., beti 
radicle and the node is called the hypocotyl and similarly the 
portion just above the cotyledonary node i.e. between the no 
he plumule is called the epicotyl. 1 > 


II. Pea SEED (Pisum sativum, Papilionaceæ)—Fig. 12.2 4 


yasta 
pra coats, 


Tegmen 
Seed (rounded 
Kernel—Embryo 


Plum 
Axis (tiselo) K dicle <i 


N cotyledons (2) 

(a) Seed coat—Consisting of outer whitish tough testa and 
thin delicate membranous, hyaline and non-seperable (at matur 
dition) tegmen. s 
Testa 


Micropyle 


. Fig. 12.2—Structure of a pea seed. H-Hilum. — 


tructure, called” hilum 


ted scar-like s 2 
A narrow elonga e remnant of sta 


‘on one side of the testa showing thi 
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1 fi Y . - . . le. 
l pore is seen—this is the micropy 
ese me the hilum which is the raphe. 
h whitish fleshy body visible on removing 
? E edis of (i) two cotyledons 
part of which is the plumule and the lower 
and hypocotyl are like that of gram seed. 


os lablab, Papilionacez)—Fig. 12.3 


à \ fused 
unum /Plumule 
En (tigellum) 


NRradicle 
Cotyledons (2) 


is tough and blackish, brownish or reddish: 
of (esta and fused tegmen at one edge of the 


° of a bean seed. mi—micr = 
—Radicle, PI—Plumule, COL CoU 


. whitish rid ilum is si 
the raphe as s ` a Eus nna hil x 
presenting the micropyle is Situated, ir 
- ' 1 like gram seed (refer T) 
re of Dicotyledonou, 
R SEED (Ricinus commun 


Seed coat, 
ledons, 


s Albuminnus Seeds : 
is, Euphorbiaceae) —Fig, 12.4 


qpa uncle 
In perisperm & endos 
perm 
Kina’ 


n (tigellum)~ Plumule 


NE 
mbry 
Radicle 
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membranous coverin 
l 8 over the kernel as seen 
hard testa is the perisperm. g 


Fig. 12.4—Structure of a castor seed 


(b) Kernel—It is the white fleshy mass as seen on re 
testa. It consists of a thin papery white perisperm 
whitish mass—the endosperm. Inthe centre of this en 
large straight embryo is embedded. The embryo has 
leaf-like cotyledons and a short axisin which plumule and 
with short hypocotyl are distinguished. The plumule is hk 
between the cotyledons. 


JI. SEED OF MIRABILIS JALAPA (Nyctaginacee)—Here thi 
has hyaline thin testa which is adherent to thin pericarp. 
horse shoe-like, curved. The food consists of mealy perisp 
food i stored in the cells of the nucellus outside the embryo 
situated at the ventral side of the curved embryo. 


12.4 Structure of Monocotyledonous Albuminous Seeds 
I. MAIZE GRAIN (Zea mays, Gramineae)—Fig. 125A — 


Seed coat and pericarp (fruit-wall) fused to form an 


/ wall of the grain 


Maize grail, 
dosperm 
eee (igettumy Ç ; 


Kernel 
Embryo^, Cotyledon (1) 


š d oblong. These are 
Maize grains a! flat eit of the seed is 


fruit. Here the out COY 
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pera pericarp. Hilum and micropyle are not visible 
e face within the whitish deltoid area. 

i renin cotyledon known as Koniem 
tiated into upper plumule covered ur 

le sheath and the lower radicle covered y 


Cture of Zea mays (Maize grain). B—Structure 
' Oryza sativa (Rice grain), 
d stora; 


ge tissue separated from the emb b 
IS epithelium, The u iate 


one-seeded 
Up of seed 


fruit. The grain is i i 
Provided wit 
Coat and the NOn-separable Pelee 


the Major 


Portion 
an epithelial layer, ices 


r Or co Corhiza 
ast, is seen Opposite to 
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In Sagittaria, the seed consisting of a seed coat (o 
large embryo ; the embryo consists of one large tern 
the axis) bent cotyledon, plumule, large hypocotyl cç 
food and a very short radicle (Fig. 12.6 A). B. 


12.6 Structure of Some special Monocotyledonon: 
(a) Coconut (Cocos nucifera, Palmae)—Fig. 12.6 


It is really an one-seeded fruit. The epicarp ai 
fibrous. The hard shell-like structure, called endoca 


- 3. " 
i — Structure of Sagittaria seed. B—Structure o! 
Vus d et t—testa, en—white cartilage with oily endosperm, 


Fig. 12.7—Structure of date seed š ? a 


> 
kl 
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there lies dark brown seed coat attached to 
embryo is embedded on the top of the thick white 
is occupied by water ; white cartilage and water 
ite th rm. The embryo consists of a large 

jo of which is attached to the endosperm and 
d axis is very short and slender, almost 

1 the lower portion of the sheath which elongates. 


ED sylvestris, Palmæ)—The seed coat is 
ne the stony seed. The embryo is small 
ly on one side of the copious horny endosperm 

_feserved cellulose—the other side of the endosperm 
linal groove (Fig. 12.7). 


E. 


tests for reserve food materials of Seeds 1 


stored food may be starch, reserve cellulose, 
one grains), fats and oils, They can be traced 
emical tests, 
od materials in the cotyledons Of gram, pea, beans etc. 
rone grains (protein). Transverse sections of such 
a slide, if treated with adrop of iodine solution, 
tained deep blue and protein grains become yellow. 
dons of grains or pea or bean on treatment with 
: CIO reveals no black colouration, this indicates 


endospermous ; the ce 


te cell contents of the. end 
n grains, fats and oil globules ; these stored food 
y mounting the Section 9f endosperm With a drop 
us protein grains turn deep yellow ; when 
with 1% osmic acid solution the fat globules 


n ter aleurone la er i 
Antie these reserved food GA tasa) 


Ing horny endosperm ; 
P Of chlor-zinc iodine P io 
This is fest tad iodine solution, 


i OF reserye cellulose, 
SELECTED QUESTIONS 


rion structures of 

Various kinds or 2, Of Seeds you have studied 

122-7 Ieserve materials storeq in the sot” "s 

unt of Various stry 

Seeds you have studied” 
u 123 


es of dicotyledonous exalbuminous and 


CHAPTER XII Germination of Seeds 


13.1 Germination is the beginning of growth and de fl 
of the dormant embryo within the seed, which consists of 
changes till its final development into seedling. 

An embryo in a seed lies dormant i.e. showing no sign of life ; it gros 
seedling after being. awakened to life, this growth of embryo is not su 
gradual which consists of a series of changes. 


13.2 Conditions necessary for Germination + 
The following conditions are necessary for the germ 
seeds :— 


EXTERNAL FACTORS— i 

(a) Water or Moisture—It is always found that no seed | je: 
nates if kept perfectly dry or subjected to dry state. Water is 
tial to bring about the vital activities like metabolism ofthe ¢ 
to dissolve various salts and to hydrolyse o subst 
stored in the cotyledons, to help the embryo to come out 

b) Supply of oxygen or Air —Seeds fail to germinate if dept 
of ES oxygen supply. It is observed that if seeds are kept | W 
i hich air was expelled by previous DO! 
Constant 


4, subjected to very low temperature, ger 
seed is sub) ry temperature 


tropical countries varies fr As 
opumumil rature m be very low- Most seeds fail to 8 
below 4°C amA above 50°C. UTE ae 
(d) Light—%{ has no direct effect over omne a r 
nation take,s placb,also in dark but eling: 
its pe ro . E 
crt ig ders tinatio Light favours germination o 
epiphytes. ` 1 
MACHORS— ^ 
INTERNAL iXACT** "n 
i —For growth and l 
a) Food a nd A uxin co, nts : rbohydrates, 
d “ferent kinds of. food like Sm seeds) are Té 


of seedlings difi 
proteins (that are 
Some growth proi 


stored in different par 
moting, substances like 
N 
N 


auxins, 
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t the time of germination which controls the 
'nt of seedlings during germination. 


f dormancy—Some seeds germinate immediately 
| some STE cases seeds delay to germinate 
f rest or inactivity though external conditions 
his state of inactivity of seeds is called dormancy. 
|) ility of seed coats to water and 
coats, (3) immature and dormant embryos 
icals present in seeds which inhibit 


of dormancy varies in seeds of different plants. 
° broken by rupturing the seed coats, by tempera- 
m ttc. Norm ly seeds germinate when the 


inges during Germination : 
tysiological and metabolic changes other than physical 


occur during germination, these are 
water through the micr 
E. tine i : 


opyle and its imbibition by 
seed 8 10 an increase in volume of seed. 
° exerted by the swelling of seed causes rupturing 


(impermeable to Basses in d iti 
TY condition 
becomes more 9r less permeable to ped dud 


cell walls and proto i 

ill Plasm is p 

i Re cotyledon cells w Pe 
00d which is converted into Solubl 
fo con 


e 
is 

oe Cted towards 
a a Digested foods are then 


umed in respiras: 
rbohydrate ; Piration— 
m carbohydrate S) rived from fats) 
an 


Consumed 
Pe at least in the 
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placed first,—neither they are moved upward n 

formed into first pair of leaves of the sein. The radi [ 
first to come out piercing the seed coat near the 
gradually grows and always bends down to the earth ; 
in the meantime grows upwards. 


Among dicotyledonous exalbuminous seeds, gram (Ci 
um), pea (Pisum sativum), mango (Mangifera indica) etc. 
dicotyledonous albuminous seeds water lily (Nymphea e cules 
the examples of hypogeous germination. Monocotyledo 
minous seeds like Pothos, Amorphophallus etc. and monoe 
nous seeds like maize (Zea mays), tice (Oryza sativa) 
typical examples of this type of germination. 


Il. Epigeous or Epigeal germination—Here the radicle € 
first, bends down to the earth to form tap root as usual, 
sequent growth and development of plumule to form shoot $ 
delayed a bit. The hypocotyl grows faster and forms a K 
straightens up, as a result the cotyledons are carried upwart 


Examples of Epigeous germination :— 
Dicotyledonous exalbuminous seeds: bean (Doli 
tamarind (Tamarindus indica), gourd (Cucurbita maxima) 
tyledonous albuminous seeds : castor (Ricinus comm 


sp. etc. 
Monocotyledonous exalbuminous seed Alisma plant 
ds onion (Allium c 


Monocotyledonous albuminous see 
(Typha elegans) etc. 

HI. Vivipary or Viviparous germination —Several genera 
grove plants or halophytes show this phenomenon i.e. the ei 
seed undergoes development (i. e. germination) without an 
period with the fruit still attached to an by 

lant. In species of Ceriops, Rhizophora o 
the embryo grows out not only from se 

- fruit, so that the hypocotyl and the radic 
considerable length from the fruit—finally 
vertically on the salty mud and gets embe 


radicle in the muddy M d E 
organs. In Aegiceras sp. yrcinace 
sexi but remains within the fruit, it 1s green and has a I 


13.5 Germination 0: nds of Seeds and G 


I. HypoGEAL TYPES 


f different ki 


eh Pisum sativum, 


come dee 
i D) em. L 
ees I : meantime the plumu 
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. s remain 
? The cotyledon: E 
tk D the storing of food to 
w 


ike pea, yledons 
8 d first—t storing 
me of germination, 
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E 


The cotyledons remain as it is within the endocarp which 
or within the soil, thus the germination is hypogeal ( 


Endocarp 


Fig. 13.2—Stages in the germination of Mangifera indica (Man g 


B. Monocotyledonous albuminous seeds— 


4. MAIZE OR INDIAN CORN (Zea mays, Gramine: 
single cotyledon or scutellum never comes Out of the st 


3—Stages in the germination of Maize 


but re 

inati nor forms a reen structure 
ermita the vast endosperm functioning 
ane radicle is to come out piercing the fruit w 


Fig. 13. 
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eral other roots (generally 3) develop from 

sle—those roots are called seminal roots. 
may persist forever but adventitious roots 
the base of the plumule above the mesocotyl. 
e and mesocotyl elongate, and the plumule 
le and develops into shoot (Fig. 13.3). 


za sativa, Gramineae)—Like maize but 
Ots do not persist, instead adventitious roots 
ase of the plumule and form the fibrous root 
za pierces the base of the grain and then 
€ soil piercing the coleorhiza. 


This type of germination is the characteristic of 
(Cocos nucifera), fan palm (Borassus flavellifer), 
lvestris) etc. (Fig. 13.4). 


Stages in the inati 
eaten finan or an n se 
» —plumule, Ph embryo. s— sheath, 
; e, r—root, 


the em ` a long 
is long cotylar “aa slender and 


the cotyledon 1 
n functioning n 
arte. he plumule 
CTSist to for j Ax tt 
© out from Maso 


r a exalbuminoys Seeq— 
- M'amarinqys indi 
tadicle com ‘ca, Caesal i 
Ut first, bends down war ~ ant 
soil and 
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form 

tae ee system. Now the hypocotyl grows faster and 
URL. y:gotyledons above the soil. The E ‘thali š 
elongated d shoot. The cotyledons remain attached 
casu deep Ayna eapi for pretty long time, hal 
of food matter within inen. y and finally fall off after the ut 


2. Gounp (Cucurbit. ; 

. a maxima, C i 

[hear grows out first and fixes the piger Ey 'th 
m developing from the radicle. The hypocotyl gre x 


Fig. 13.5—Stages in the germination of gourd seed. sc—seed coat, 
h—hypocotyl, co—cotyledons, r—radicle, pl—plumule, 4 

sh—young shoot, tr—tap root. 3 
p and pulls out the seed. Fi 


forms a loop which straightens u 
dons are exposed and 


seed coat gets detached and the cotyle 
ike green bodies ; then they are tur 


leaves. Now the plumule which lies hidde 
ledons is exposed and forms the aeria 


B. Dicotyledonous albuminous seeds— 
3. CASTOR (Ricinus communis, Euphorbiaceae) Here t 


is hard and shell-like which bursts near the caruncle an 
grows out through it. The two leafy cotyledons togeth: 

hed upwards and come out of the soil 
rapid growth of the hypocotyl. Next, the testa crac’ 
the cotyledons open up to form green leafy s 
endosperm is c 
developes into le 
and fall off (Fig. 13.6). 

Jbuminous seeds— 


C. Monocotyledonous 4 
Liliaceae) — This is an 


4, ONION (Allium cepa, | albuminou ;. 


~~ 
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4 with n the seed mbryo is cu ved n 
hi ;€ cur a d 
> i 
perm (F 1g. 13.7). 


Te [NO 
i 


in the germination of castor seed. 


t ges in the germination of Onion seed. S—Sced coa 
ot-—Cotyledon, end— endosperm, Pl—Plumule, 
OUS Toots, 


t, 


^y—hypocotyl, fr—fbr 


es out through the Sharp end of the Sted and 
The cotyledon elongates, as a result the base o 
grows out of the Seed formi 


nga loop—ijt turns 
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green and forms the first leaf-like 


pushes out the seed from thes oil. 


Fig. 13.8— Alisma type of germination 


showing different stages (A— C); 
h—hypocotyl, c—cotyledon, r— radicle. 


SELECTED QUESTIONS 
are the conditions necessary for 


1. What is germination ? What 

Refer articles 13.1 and 13.2 

Describe the processes [9 
ou have studied, 

Refer article 13.5 


2. 


germination— Refer artic 
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f germination of vi 


3. Write short notes on- Vip Tae: 
:igeal germination—Rele arti ES 
(5) Epio Refe le 13.4, I, page 179. 


structure ; 
The coiled end of 


endosperm. Further gi 
cotyledon results in 
ing of the green leafy” 
bearing the seed at the aj 
plumule, which is not Vis 
remains covered by the ba 
cotyledon in the form o 
now pierces the sheath am 
out in the form of a 
cal foliage leaf. In the m 
adventitious roots devel 
the base of the bulb 
actually formed from the 
the plumule sheath. 


D. Monocotyledon 
buminous seeds— 


5. In Alismaceae, e.g. ! 
of Alisma, Sagittaria etc. the 
are exalbuminous, the foo 
the nourishment of the € 
stored either in the sin 
don or in the large hypoco 
the radicle comes out 
breaking through the s 
does not grow to form 
root. The hypocotyl after 
from the seed grows up! 
the single cotyledon being 
atits tip ; circle of fib 
spring from the base of tl 
cotyl round the unelong 
cle (Fig. 13.8). 


atious kinds of seeds 


er article 13.4, HIR 
II, page 180; 


“PLANT ANATOMY 


M 
“< ef EDISATION r >> 
Z N ; 


(€, -eptt of Extensi 


Je V e 


Introduction 


j i ith the 
f f botany which deals wit 
(0 celesti of different aed 
ord ‘anatomy’ has derived its prin fon pr gnis g 
1 pieces in’ meaning to cut. ane 
"S MES of diferent Ps so it auo 
morphology i eral. The term ‘histology 
or EE. htology deals only with the study of 
rna structures of tissues and their development (Sass, 
the gross internal structures like steles, nodal anatomy, 
[ etc, The first important investigators in plant 
lish scientists Robert Hooke (1335-1703), Nehemiah 
1-1712) and an Italian physician Marcello Malpighi (1628- 
hey published their contributions to the knowledge of 
lant structure in the later part of the 17th century. Since 
| on anatomy regarding the existence of the living cell 
š, cel acory, ontogenetical studies of different plant organs 


been carried out by various plant anatomists from time 
V refer article 2.1 for detail). 


ine Strueture of the Plant body: The plant develops 
- h résults from the fertilization of a female gamete 
t e gamete (sperm). At the beginnin 


S I$ à continuous 
It consists of two 
n as stem and the 
ears appendages of three t 
I ypes, e. g. (a) 
(c) airs, The ar Dendages in which 
8 leaves . leaves are 
© absent i f 
TR: an n roots, From the 
e; 


nd type o 
niy from th ^ 
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stem i.e. from the cortex and the epidermis ; prickles of m 
the best examples of the emergences. The third 
appendages are the hairs developing from the outermost l 
cell only. Emergences and hairs occur in both axis and 
usually without definite arrangement. 


The axis—The axis consists of a central core with a su 
layer. This central core contains the greater part of all the 
and conductin 

mechanical a 


SHOOT APEX tissues and th 


(APICAL MERISTEM) 
LEAF PRIMORDIA 


Z. 


STELE EPIDERMIS 


CORTEX 


P The surroundir 
stem BRANCH thing layer is cal 

ZZ tex, the outermo 
⁄ of which forms 


j 


EMERGENCE 
C STEM- HAIR 


ROOT HAIR 


ROOT 
EPIDERMIS 


CORTEX 
STELE 


stems a e 
Fig. 71.1—Diagram of the structural plan of a E bundle-like s u 


iv dy. 7 
sapak vascular plant Pot Date (axis in 1. $). called vascu 


Even bony "x s. of the shoot apex. The vascular 


h i ] meristem ` et 
i mnosperms contain a latera 
weed Tes si lateral meristem is ca 
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tissues, the stele may also contain non-vascular 
ling to the arrangement of vascular and non-vascular 
may be solid rod-like, a hollow cylinder etc. Some- 
tissues enclose a soft and loose tissue (parenchyma) 
of the stele, that region is called pith or medulla. 
parenchymatous tissue in radiating manner from 
1 vascular bundles may be present in the stele— 
called medullary rays or pith rays. Outside the external 
cells, i.e. vascular bundles, one or more layers of non- 
ig cells occur forming the outermost layer of the stele—this 
is known as pericyle. The stele is ensheathed 

le. 


mar, e axis with a the above mentioned 
tural ppendages constitutes the 
1 p of n. This body is built up by the 

> i. e. at the tips or apices of 

formed plant bi posed of primary 

mary body is built up first 

nce this process of growth is 


; r young 
Primary growth, the axis 
develop and its branch 


attained 


Cortex, 
on the 
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in _the differentiation, externally into organs and 
various categories of cells, tissues and ¿issue sys 
Vegetative organs, viz. the root, the stem and the leaf are 
recognised in spermatophytes. The flower is interp 
assemblage of organs, some of which are reproductive 
carpels), others are sterile (sepals and petals). Cells are 
units of plant structure. A tissue is a group of more or li 
cells having same function and same methods of devel 
Tissues having restricted functions are again o | 
entities to form plant organs—such organised tissues ai 
to as tissue systems. Hence regarding internal structure, ¢ 
give stress on the characteristic features of cells and ti: 
then establish types on the basis of distinctions of organs. - 
" 


i 


1.2 Methods of Studying Plant anatomy: here 
principal methods of studying the internal structures of 
body, viz. (a) sectioning, i.e. cutting thin and uniform 
(b) maceration techniques. Normally sections are cut 
the help of a sharprazor. Study of sections cut in m 
plane is necessary, specially for the complex structure of mo 


"TRANSVERSE 


TANGENTIAL 


Fig. 1.2—Diagrammatic sketch of a wood xm dior 
transverse, radial and tangential planes o 5a) ^ ) 
(Adapted from Eames and MacDaniels, 1947). — 


H rj H d gO! 
he cylindrical plant part like axis (stem and roo 
aie gi et Dot right a iin z pe a situdins Al 
ion) and parallel to the axis (ca i 
Of the an planes, there are two types a kc 
the axis radially is called radial plane (longi R : adial ç 
d that at right angles to the radial plane 1s in d and critic 
(lo itudinal tangential section). For more detai ë rabie dd 
eeu of an apparatus known as microtome 18 
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° aid of this instrument, a large number of thin 
be cut, but before making sections by microtome 

o be killed, fixed in various fixatives and 
affin which is a long-drawn process. 


process the individual cell elements are freed from 

they become isolated. The maceration of 

plished by the use of certain reagents that 
cellular substances lying between the cells and thus 
ion of a piece of tissue into its component cells. , 
e macerated materials, i.e. individual cells and 
1be conveniently visualised as three-dimensional 
nensional concept in sections. 


mentioned two methods, there are simple 
plant materials ; these are whole mounts, scrape 
„In peel mount some portions of plant 
idermis is peeled off to study stomata and other 
y onion ed à a cells etc. ; in whole 
: ;roups like algae, fungi, prothali 
| trichomes of higher plants i.e. perms etc. 


in scrape mounts i 
h grains is useful » Scraping of potato 


CHAPTER H The Cell 


2.1 Definition and History of Living Cell : 
basic structural and functional unit of à Pec Mes 
nisms i.e. plants and animals, are composed of cells. 
. consist of only one cell, they are called unicellular as se 
lower plants like yeasts, diatoms etc. But the flowering 
which this portion is mainly concerned, are composed of m 
—hence they are multicellular. This multicellular body is f 
a result of the processes of differentiation of the zygote c 


The cell was first discovered by an English Physicist Robert B 
He first observed cells in the form of some tiny honeycomb 
present in a piece of cork obtained from the bark of mediterranean 
each of such individual structure, he first used the term “celulat 
‘Micrographia’ (1665). . Later, Hooke also observed cells in other pla 
found the presence of “juice” within each cell (Matzke, 1943). 


. Corti (1772) and Fontana (1781) also observed the presence of son 
fluid-like substance in plant cell but unfortunately they did not co 
for that substance. But the recognition of living substance within 
cell was first made by a French scientist Dujardin in 1835 as “ 
von Mohl (1846) then recognised the importance of this living 
proposed the term protoplasm, he also distinguished between the protor 
the cell sap ; the importance of protoplasm was also later supported by Fe 
Cohn in 1850. But before the discovery of protoplasm, Robert Brow 
discovered the presence of small bodies within some plant cells which 
nuclei (singular, nucleus). M. J. Schleiden (1838) and T. Schwann (ll 
lated a theory known as the “Cell Theory" ; in this theory, they cl 
are individual entities, out of which all living bodies are made. The truth 
‘Cell Theory’ has long been firmly established and even now it holds 
history of biological studies. In 1860 R. Virchow stated from his obs 
each cell was a mass of protoplasm with a nucleus—the origin ¢ š 
took place only from a pre-existing cell. In 1861, Schultz: again po 
*Protoplasmic Doctrine’ in which he stated that all organisms are 
of masses of protoplasm as units of organisation. In 1862, Kolliker intr 
term cytoplasm for protoplasm together with cell sap. In 188) H 
the term protoplast for the organised unit of protoplasm fouad ina 


2.2 Structure of a typical Plant Cell: The plant body IS. 
up of one or more basic structural and functional units 
cells. 
A typical plant cell consists of a centrally situated sepat 


it the surrounding membrane or wa! 
or unit—the protoplast and the g T a oludes the p 


cells are spherical in structure, © 
where cells are densely arrange 


become polyhedral in shape See ee aa of cells is a 1 


any intercellular spaces. 
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6), but plant cells witb 12,13,15,16 or 
According to Matzke, most of the faces 
agonal but tetragonal and hexagonal faces 


itis the non-living boundary wall of a cell, 
ose but often chemically altered by other 
ions. Cell wall encloses a space known as cell 
t in which protoplast occurs (for detail refer 


p m a eee shape to the cell, (ii) it 
n from external injury and (iii) allows water 
throught it. 4 m 


LAST :—The protoplast is the organised mass that 
The constituents of the protoplast are divided 


lls. A—A 
). Struct 
toplasm 


Components į 

nents, sie, 

5. To the Protoplasmic asm and 
po 
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belongs the cytoplasm, the living basic substance of the c 
other specialised protoplasmic Organelles such as nucleus, 
mitochondria, centrosomes, ribosomes, Golgi apparatus 

etc. are located as living cell inclusions. To the non-pr 
component belongs the ergastic substances i.e. nor iv 
inclusions like reserve food materials, excretory materials, 
materials etc. a 


Protoplasmic Components :— 


= 


(i) Cytoplasm—Cytoplasm comprises the living, hyal 
like and viscous transparent fluid portion of the protoplast. ' 
a granular ground substance in which nucleus, plastids and 0i 
inclusions, both living and non-living, are embedded. Cel 
cytoplasm is the substance which fills up the space b 
nucleus and the cell wall. Sometimes, the cytoplasmic po 
protoplast is called cytosome which literally means the 
Cytoplasm is a very complex structure both from 
chemical point of view. It contains various organic and iini 
substances; those substances may occur in various states 
colloidal condition, true solutions and crystals. 

The hyaline ground substance of the cytoplasm is calle 
plasm. The non-granular outermost layer or membrane of cyt 
is called ectoplasm or plasma membrane or plas ma. 
plasma membranes are characterised by their selective p bi 
the passage of different substances through them. mM 
general mass of cytoplasm is known as endoplasm. Es 
cytoplasm surrounding or bounding the vacuole is term 
or vacuolar membrane. Š 

Previously the cytoplasm was considered to be st E i 
recently with the help of electron microscope an n ns g 
within the cytoplasm has been discovered. ma ka tu 
as endoplasmic reticulum which consists of lipopro i 

branes forming a canal-like anastomosing n . 
tires main types of endoplasmic reticulum are oun 
Bane ied Te The main fonction ofende 
ike i its called tubules. 1 
Lue qu Shorea naire ana vind cytoplar um 
metabolic activities, it also helps in trana So. plays REN 
fbr. MN Md Bon INT also establishes the plane 
il BEI etn and transport of materials to pur 
rege Are (Cutter, 1969). Membra pA 
str are also fooni a arn the cols Fo 
oe basis of the difference in vig bic? buy 

; i regions, e.g. 7 hp. 
differentiated ped “the SS Ode forming a cortical 
re visco PE lasma membrane or 
mor thickness just beneath the p con lying further in 
varie?) plasmasol-—it is the more fluid portion lyIng 1H Ë 
an 
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formed filled up 
: r ithin the cytoplasm are 2 
i Bisp is watery OPE 
ric ither in so 
various substances ei 4 o 
ic salts, car 
crystals viz. inorgan 
etc. 


N&— MIDDLE LAMELLA 
Cay 


ON 


M $ NUCLEOLUS 
E 


GOLGI COMPLEX 


PROPLASTID ENDOPLASMIC RETICULUM 
Structure of a plant cell (young) as seen under electron 
Microscope. (Redrawn from Fahn, 1967), 

cell, cytoplasm completely fills y 


all cavities are formed within 
ed vacuoles, Fj 


inally in adult condition, 

© another forming a ig vacuole in the 
with all inclusions 

Wall forming a thin 
oplasm is called primordial 
The nucleus is a highly organised globular, ellip. 
or disc-shaped Protoplasmic body embedded in a 
fpi pe cytoplasm. The density of nucleus 

plasm. 
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A. Structure of a Nucleus—Fig. 2.1, C and 2.2 


(a) The nucleus is surrounded by a thin fine p 
membrane called nuclear membrane which separates the mi 
the cytoplasm. Under electron microscope, the nuclear 
appears asa double membrane structure having pores 
intervals, In many cases, connections known as | 
extrusions between these pores and. the endoplasmic 
been found. 


,,') The cavity of the nucleus is filled up with a colo 
like and nonstaining or slightly chromophilic fluid ca’ 
nuclear sap, karyolymph or nucleoplasm. Nucleo 
of a pattern of irregularly shaped particles or granules 
tially protein in character. 


(c) Within the nucleoplasm, a network or reticulal 
known as nuclear reticulum or karyotin network or chron 
is present in dispersed state. The delicate threads of. hi 
reticulum i.e. chromonemata are the constituents of the à 
This thread-like reticulum of the chromosomes at the in 
stage (ie. at the resting stage) of the nucleus is also refe 
chromatin which means an intensely staining substance. € 
somes consists of nucleoproteins in which the nucleic acid con 
is mainly DNA (deoxyribonucleic acid )—the carrier o 
information in the form of segments called genes. In 
DNA, chromosomes also contain some amount RNA as 
substances. Ee 

(d) One or more spherical, thick, prominent and highly r 
bodies are also found in dispersed condition within the nuclec 
of each nucleus, those bodies are called nucleoli (singular : 
Nucleoli are formed during the telophase stage of mitosis i 
tion with specific regions of specific chromosomes of the coi 
Nucleoli are not bounded by membranes. Nucleolus generally $ 
differently from the chromatin and is composed of a mixt 
ribonucleic acid ( RNA ), protein and lipid. The func 
nucleolus is not yet definitely known. š 
Chromocenters—These are condensed, deeply staining, 

lobular bodies found scattered throughout the inter 
or less S Cig 2.1, C). Whether these structures are continuous 
us T fom the chromosomes is not clear (Wilson and Torr: 
1966). However there is some ei that the one volt 
chromocenter material is constant and increases with am in 


the number of chromosomes. 


I he nucleus— 
B. Function oft 
is the brain of the plant cell, Mere all x c 
Nuclcus dy originate from the nucleus and it contro 
the plant bor eld division, growth an i reproduction, 
functions. 40 s: Through the nucleus parent 


ominent TO. des 
S P fered to the offspring 


(e) 
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e are also protoplasmic bodies, denser than 

haped and are separated from the cyto- 
ibrane system. Plastids develop from similar 
One type of plastids may change into other. 

resence or absence of pigments, plastids are 

as follows :— 

ir colourless plastids—found mainly in the cells 
and in the meristematic cells. 


green plastids—bear green pigment chloro- 
of green plant parts e.g., stem, leaves etc. 


lass or coloured plastids other than green, found 
i ts etc. 


Or Chondriosomes—Several protoplasmic 
han E are found to occur in the icta of 
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are called the Power houses of the cell. They are the k 
enzymes, thus mitochondria are concerned with 
and respiration. ` 


. Q) Golgi apparatus or Golgi complex—The scientist 
discovered in 1898 some fibrous or globular cytoplasmic bi 
stain with osmic acid, these 

SMOOTHWALLEo oe — have been named as Golgi 


MICKO Golgi apparatus after the nai 
IE »22?oss discoverer. Golgi comp 
= o 


)*,9 characteristics of ani 
9 ⁄ Golgi body-like cytop 3 
< CA have also been reported in § 
Ç cells with the help of ele 
scope, e,g. root tip cells 
3 trichoblast of Hydrocharis m 
(Cutter, 1969), root cells i 
Fig. 2.4—Diagram of the Golgi sativum (Wilson and Morr 
complex. (Adapted from etc. The number of Golgi coi 
Wilson and Morrison, 1967). each cell may vary from one t 
Golgi complex of plant cells consists of a system 
occurring throughout the cytoplasm (Cutter, 1969). Ad 
consists of a stack of smooth double membrane-boune 
(cisternae) of varying size, which are often dilated at the en 
are arranged in parallel rows and associated with a group € 
cal vesicles at their margins. 


. 2.6 Structure of Ct 
PR from a cell of a r 


ig. 2.5— Golgi complex (g) in 
Es te tip cell of Allium sp. 


— UM 201 


si complex in plant cells are concerned with some 
hesis and with the regeneration of membrane 
_ The function of golgi complex i.e. dictyosomes 
the synthesis and transport of polysaccharides has 
jonstrated experimentally by autoradiography with 
opy (Cutter, 1969). 


In animal cells some minute cytoplasmic 
present near the nucleus called centrosomes. 
o found to occur in cells of some lower plants e.g. 
cells, etc. Inthe centre of the centrosome 
ule is present called centride or centriole. This 
within a mass of hyaline substance known as 
cell division, around the cytoplasm, some 
ed—these rays are known as astral rays. 


O take part in spindle formation during cell 
help in cilia formation. 


n: I m nucleus and chloroplasts (Cutter, 1969). 


otein synthesis and f: i i 
BS aspa atty acid metabolism are 


mic Components +See article 2.6. 


— 


(ii) Non:proté i 
` Oplasmic compo 
Le, ergastic or non-living sake 
tances pe" 


d materi 
carbohydrates, io a 
oils, proteins etc, = 
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2.3 Protoplasm and its Properties : 


. The Protoplasm is the livin 
life can exist. According to 
basis of life,” 


£ substance ; without pre 
Huxley protoplasm is the 


A. PHYSICAL PROPERTIES— 


The protolasm is a jelly-like, elastic, yj mi-tra 
colloidal and colourless [rn sn did. Speci 
protoplasm is a little higher than that of water. Protopla: 
jelly-like, i.e. it remains in a gel phase. A gel is a | 
suspended particles in a semisolid condition. These gel m 
are held together by different chemical bonds of varying š 
These bonds of the molecules are changed during the metabo 
ofthe cell. This change of bonds is called sol, i.e. solation, ` 


Structure of the protoplasm may be either— 


(a) Reticulate or net-like, or (b) consists of fine 
(c) granular, or (d) of minute droplets of liquids of vary 
shape that remain suspended in another continuous liquid sub 
as an emulsion. Under the microscope, protoplasm looks gt 
in structure. Protoplasm exhibits irritability under the influe 
external stimuli like heat, shocks, chemicals etc. 


B. CHEMICAL PROPERTIES— 


Chemically protoplasm is a complex substance, Its fi 
still unknown. Itis composed of about 85-90% of 1 
10-15% of other materials. Of these other materials, abou 
constitute organic matter while the rest are inorganic. Wali 
exist “free”, i.e. as water of solution, or “bound”, usually to! 
groups of proteins. Free water is the main solvent of the c 
serves as a medium for a variety of metabolic reactions. h 
and bound water are intimately associated to maintain _the colloi 
state of protoplasm. The reactions of protoplasm are either nel 
or slightly alkaline—sometimes also acidic. Of the organic su 
ces the following are important :— . 


(a) Carbohydrates—composed of carbon (O), hydrogen 
oxygen (O). The ratio of hydrogen and oxygen is 2:1 ioe 
(H,O). The main carbohydrates of the protoplasm er e 
and pentose sugars. Insoluble polysaccharides are pee ‘ound tc 
present in the protoplasm. The percentage of carbohydrates 
from 1 to 1.5 

(b) Proteins—mainly composed of carbon (C). ES 
oxygen (O) and nitrogen (N) ; sometimes sulphur (S) an n 
(P)are also present. Ev Ee Ho Bars b. nd 

ins etc. are the main types « : 
Meoplas. di percentage of protein varies from 7 to 10. 


ipi i f fatty 
Substances—Lipids are the main type ol 1 y 
c MERDA DR of which varies from 1 to 2. These are com 


eee ca. 203 


i hos- 
d - Protoplasm often contains p 
derivative of fats containing nitrogen and 
of hydrogen and oxygen is not 2: 1, i.e. not 


Various types of inorganic salts in the form 
tes, sulphates and carbonates of magnesium 
odium (Na), potassium (K) and iron (Fe), 
lasm. Besides, other elements e.g. boron (B), 
(Zn), molybdenum (Mo) etc. may be present 
centage of these inorganic substances varies 


b 


t to burning->Smell of Ammonia. 
coholProtoplasm coagulates. 

line solution--Brownish colouration, 
KOH->Protoplasm dissolves. 


s reagent—>Brick red (nitrate of mercury) colouration, 
uric acid and cane sugar->Rose red colouration, 


bits movements within the cell: 
movement of protoplasm. T he 


sm is also commonly called cyc 
8 movement, e.g. 


Such movements 
Streaming move- 
losis. "There are 


t of protoplasm is regul 
along the cell wall. b rra 


It may be clockwise or 
> €g. Vallisneria, Elod, 


ea (Hydrochari- 
: 


of Protoplasm is 
e of Protoplasmic movement is. 
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irregular, i.e. in several directions, e i i 
1 1 -$. staminal hairs 
discolor (Commelinaceae). ? p 


Besides the above two types of movements, protoplasn 
ments are also exhibited by naked protoplast of some cell 


(a) Amoeboid—Like unicellular animal Amoeba, sli 
(Myxomycetes) exhibit a type of movement due to rhythr 
tion and relaxation of the protoplasm known as amoeboii 


(b) Ciliary—Naked protoplast moves from one place to. 
due to the presence of one or more whip-like protoplasmic pi 
called cilia, e g. reproductive cells like zoospores, spermatozo 


2.5 Plastids—Formation, Structure and Types : 


The plastids form the living cell contents—they are 
protoplasmic bits of the protoplast. Various types of plastid 
distinguished ; they differ from each other in size, number, 
‘chemical organization with the tissue and organism 
Generally plastids are round, small, granular, discoid eti 
plastids are also of frequent occurrence. Plastids are often. `o 
In alge large plastids occur. With the possible exception of th 
lowest groups of plants, plastids are found almost in all living 
cells and possibly in every cell at its early development ; later i 
come confined to certain types of cells meant for specialised. I 
such as photosynthesis, colour show and storage. Plastids r 
toplasmic in nature ; though of gel consistency, they have - 
able double-layered limiting membrane, called peristroi 
main body of the plastid consists of a colourless cytopla 
called stroma ; internal lamellar organisation may be pre: 
the stroma. 

(a) Formation of Plastids—Plastids never develop de novo, 
are always formed from pre-existing ones which are x. er 
diameter. (size 44—6,) and are termed as pro planta or f 
primordia. Plastids of all three different types are nally 
from the pro-plastids by division or constriction. 


j astids— On the basis of the presence or 
of Ne didi are principally classified into three typ 
these are as follows :— E canal 

(i) .Leucoplasts (colourless plastids) jig: plastids lac E ; 

(ii) Chloroplasts (green plastids) i.e. plastids with E | 

(iii) Chromoplasts (other than green-coloured plastids) 1. 
with pigment other than green. n" 

j STS oR LEUCOPLASTIDS —Leucoplas c 
"E e found in the cells of those M 
m ee iir s generali ey ae 
iH het s. or te OLA in shape. Leo bei : 
id neenitrated around the nucleus. When leucopla: xpo 
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verted into chloroplasts or chromoplasts. 
readily and are therefore highly plastic. 


Two types of leucoplasts are found e.g. 
r. Smaller leucoplasts are converted into 
e converted into chloroplasts or chromoplasts. 
ds are termed amyloplasts. The function of the 
ert soluble sugar into insoluble starch grains. 


sts areconcerned mainly with the formation 
ey often may function as storage organelles by 
ge amount of starch (amyloplasts), fats and oils and 
is that are related to the formation of oils and 
asts and similarly those leucoplastids related to 
Of proteins are termed aleurone-plasts. Elaioplasts 
d in the cells of monocotyledonous plants and 


OR CHROMOPLASTIDS —Non-green plastids 
om yellow tones through orange to yellowish-red 
oplasts. All such colours are due to the presence 
ements viz. orange-red carotenes 
Pigments are Present in the chromoplasts in various 

d, granular or crystalline. 
are usually irre. E 


are concerned w 


a : ith the 
and sometimes roots form 


ation 
(e.g. carrot), of colours of 


udiments of 
S as a result 
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in attracting insects for bringing about cross po 


attractive colours of fruits also help in the dispersal of 
seeds by animals. 


(iii) CHLOROPLASTS OR CHLOROPLASTIDS—Chloronl 
present scattered in the cytoplasm of the cells in all 
exposed to light and they are specially abundant in cell 
engaged in photosynthesis. In higher plants chloroplasts ar 
uniform in size and have the form of flattened discs, plates, 
or ovoids. Among the higher plants, the  chloror 
approximately 1j thick and 3-4, in diameter, but larger a 
ones olso exist ; depending on the particular tissue as we 
plant, the number of chloroplasts in higher plants is always 
one percell. In some lower plant groups like algae th 
extreme form, large ribbon-like, reticulate or horse shoe-like. | 
lasts of some plants (algae, bryophyta) contain oneor more re 
DOA wince protein bodies, called p 
—during photosynthesis, 
GRANUM pisc grains are formed aro 
pyrenoid. Each 


called stroma. Within š 
the photosynthetic p 

chlorophylls and va 1 
EA, tenoids, are concentri 

E £i distinct groups of about 

ig. 2.10 —Diagrammatic structure of the 9 5 u diameter gr 

eer in cross section. ae Each granum appears à 
from Wilson and Morrison, 1967). column of discs Pall 


i d upon one another. Each granum disc is 
hrs noe metiBtase jos or thylakoidg (ram el 
are connected with each other by p me 
Hailes that also extend out into the stroma (ie : 
of the chloroplast. Grana are considered tope pina E 
á d to carry chlorophyll intermixed with caro 
pholipids. The stroma is compote of aon oe 

i n colou : 

and associated enzymes. The gree ring ma 

is not a single pigment but consi 
Poorophyll babel ene RO uw s. Cus hop 
rotene Š op 
UH Co latter two pigments ae os Peery = phe 1 
Radit l and other pigme 1 

rer UNT at least in certain species, some 


contain protein an 

(Cutter, 1969). ÁBp — 

igin— lasts are produced in ce at 

C id ye to Morrison (1966) euo : 
proplasti idis membrane of a primordial ce ü ER 

a initostlondH According to Cutter À E 
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ids by flattened vesicles budding off from the 
bem These increase in number and 
° membrane lamellae, which are aggregated 
as to give rise to the grana and become green. 


nction of chloroplasts s very important ; these 
concerned with energy reactions 
of chlorophyll and carbohydrate 
thesis. Now-a-days a close relationship 
bolism in the leaf and the photosynthetic 
oroplasts has been suggested by Rhodes and 


or Non-living Cell Contents : 


dtoplasmic substances i.e. organelles, several other 

non-living matters as by-products of metabolism 
the cell. Various kinds of Solid organic and 
ii ing food materials, mineral crystals, oils, 

i Occur in the 
Those substances are termed as 
d mainly either in the form of 


; Crystals. When present in the vacuole, these 
d in solution in the sap. 


Teserve food matters and stored for the future use of 
“IS are concerned with the nutrition of the plants, 

ialis are of two types, e.g. non-nitrogenous, e.g. 
and oils, and (2) nitrogenous materials e.g. 


OUS reserye materials— 
rates 
are organic non-nitrogeno 
Ogen and poen ; hydrogen and oxygen occur 
i € empiri 
arbohydrates are of sever. 
inulin etc, 
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Test—When Fehling’s (A and B) or Bennedict" i 
É t's equal 
added to glucose or fructose (grape juice) and heated over MED 
red colour (cuprous oxide) is precipitated. 


Disaccharide sugar—Sucrose, maltose are the 1 
charides, they have the chemical formula NTC 
formed by the condensation of two molecules of "mono 
and eliminating one molecule of water. Sucrose occurs 
organs of some plants like sugarcane, beet root etc. ; 
commonly found to occur in germinating seeds. 


Test—Cane sugar does not respond to Fehling’s test, but when treat 
normal HCI or H.SO, and heated with Fehling’s solution it gives a| 
colouration. 


(b) Laminarin is a kind of soluble carbohydrate found 
cell sap of brown alge in the dissolved state, it consists of 
glucose units. Similarly mannitol, found in some brown 
reserve soluble carbohydrate and a hexahydric alcohol. 


(c) Jnulin—Itis a type of polysaccharide carbohydrate 
occurs in colloidal state in the cell sap of the vacuoles of the 
of Dahlia, Artichoke (Helianthus tuberosus) etc. $ 

Tests—(i) When tuber of Artichoke is treated with dilute glycerine 
alcohol for a long time, inulin is precipitated in the form of beautiful & 
crystals within the cell. These crystals are formed at the corners or! 
cell walls (Fig. 2.7). (ii) Inulin solution and acid phloroglucin form 
brown colour. 


(d) Starch grains (Polysaccharides)—Starch grains are 
insoluble carbohydrates and most commonly found as solid p 
Starch grains are formed by the condensation of large 
monosaccharides and he 
are polysaccharides. They 08 
as reserved food mai a 
form an important food fot 
future use of plants. The ch 
formula of starch is (C,H; 
Starch grains are foun 
within the seeds, fruits, £ 
cereals, tubers, rhizomes | 
Starch grains are synthesised 
glucose by the plastids. 
are mainly compo: 
components, e.g. amy 
amylopectin. Structuraly 
grains vary greatly, s d 
ranges from 12m to 100u. 

There m m kind ee 
i i rains viz. (i) assim y 

Fig. 2.11—Inulin crystals (a) in the g Gly storage ae 

ells of the root-tuber of Daria p. : an e 

š i) Assimilatory starch—During the photosynthetic pr 
is manufactu. 
by the help o 


— THE CELL 209 
» 

imilatory starch grains are granular in form 
jon as they may beagain converted into 
bolism. 

Soluble sugar is distributed into the different 
ly, some quantity of it reaches the under- 
by the action of the larger leucoplastids (amylo- 
ence of sunlight they are also converted into 
They have definite shape and are bigger 
ble starch grains can also be converted into 
action of enzymes amylase or diastase when- 


of the starch grain— , 
Stratified in appearance. The stratification is 
refractive and definite spot, called hilum—this 
formed within the starch grain, and therefore 
of origin of the starch grain. Around the hilum 
water and carbohydrate are formed giving the 
ified appearance. Starch grains may be oval (e g. 
ular (e.g. pea), polygonal (e.g. maize, rice) 
(eg. in the latex of the laticiferous tissues of 


the starch grain— 


Jr position of hilum, starch grains may be (i) eccen- 


When hilum is situated i 
at one end int i 
lanum tuberosum) starch. CEN 


c type. 
;h—hilum o 


may be simple, 


semi-compound or com. 
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G) Simples 


tarch grain—When rains are quite fi i 
from each other s A Eo 


» generally found in potato (Solanum tube 

Gi) Compound starch 
with each other. This typ 
(Oryza sativa), swee 


grain—When two or more 
€ is characteristic of some plants | 
t potato (Ipomoea batatas) etc. t 

(iii) Semi-compound or half-compound starch gi 


compound starch grain is surround by common line of s 
composed of starchy materia]. 


Tests—(1) Starch grains turn deep blue to bluish-black in col o 
solution of iodine in potassium iodide. (2) Starch on heating with. 
semiviscous translucent solution in paste. (3) Starch grains turn d 


Schultze's solution (chlor-zine iodine solution) but the brightness of the | 
lost gradually. 


(e) Glycogen—This substance is another insoluble polysac 
related to starch having the formula (C,H,,O;)n,the value of 
unknown. It occurs in the cells of many fungi, bacteria and im; 
algae. Glycogen is also called animal starch because it is pres 
sufficient quantity within the muscles and liver of the „ani 
Glycogen can be converted into sugar (glucose) by the actio 
enzyme glycogenase. 


Test—With iodine solution glycogen turns reddish brown. 


Reserve cellulose—It is also an insoluble polys ; 

pe S. carbohydrate with the fo 
(C,H,,O,)n. Plant cell 
composed of this b 

2 Reserve cellulose is als 


I! pid hemi-cellulose. It is fo 


< 
= 


|l! f the seeds of Phoenix sylves 
EE Ei o s ; 
al M Areca catechu etc. Rec : 
lose, though indigestable, is 
as food. 3 
t—Reserve cellulose is inso! 
N R RE in ates buts soluble in alkalies. 
) i (g) Pectins—This is an 
1 type of reserve carboh 


Fig. 2.13- Hemi-cellulose in the cells of many fruits. The middle- 


d of the date palm Jl wall is comp ¿ 
the endosperm of e (Adap. Of the cell v E 
ñ aae: 2 d used as 
Prem College Botany, after K-S. Das). pectins. Pectins are 2 


B. Fats and Oils : 


ipi in the cells of the 
ils (storage lipids) are present in t! i s 
titer Pes Slo in the ed bi 
sida nds of fatty acids and glycerols. 
Mn noo NS rod diro by the elaioplasts within the cyto} 
n 
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bounded ! i mbrane called spherosomes 
1969). Lik E. agen oils are composed of 
Sala but the ratio of hydrogen to cive is 
he amoun unt of oxygen is very low in relation Eds 2 
en. ‘Chemically, fats and oils are similar; fats 4 
d and oil liquid at normal temperature (10 ma ). 
de in etc. which occur inand upon the cell wall as 
products are also fatty. 


ad oils occur as highly refractive globules in the cytoplasm. 
also occur E onn as irregularly-shaped soft 
etable butters and in wax of various seeds ; fats occur 
ctive granules in the endosperm cells of Ricinus i.e. 
"hey may even be crystalline occurring as needle-like 
endosperm cells of the seeds of Bertholletia excelsa 
fats usually occur in the form of oils which are 
nese are known as fixed oils. A permanent grease 
d over a piece of paper when fixed oils are placed 


fats and oils—(1) Fats and oils turn black when treated with 1% 
ion in water. (2) They turn reddish when treated with Sudan 

y are soluble in petroleum, chloroform, acetone and ether, 
land water, some oils dissolve in high grade of alcohol 


of fat—(1) lighter than water, (2) solid at room i.e, norma 


l 
D gravity varies from 8:875 to 9'070 and(4)i i 
in » Chloroform, acetone and ether, 9 ssolabis in 


ous reserve materials : 
3 contain nitrogen and sulphur in additi 
Oxygen. Phosphorus Se spine 


is also present in some 
OUS reserve materi i ivi 
TIME rials are present in every living cell 


Ting amino 
tic acid etc. 


trogenous reserve 
In all living plant 


f s These are ‘com lex i 

I Complex insolub i 
formed from amino acids and are no 
Proteins may occur in amorph 
= m ` »- o i 
D an deinite bodies called aan praia like form 
E Ogether With starch in th he 
Eom xad Protein in the form of Small who is foung wheat 

‘© tuber and in the cotyledonary Cel ree 

° 


k 
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Aleurone grains sometimes combine b 
r oth amorp| 
crystalloid forms of protein. Aleurone grains are found in 
of the endosperm and embryo of many seeds. In case of ti 


Fig. 2.14—Aleurone grains (al) in 
endosperm cells of Zea mays. 
(After Eames and MacDaniels, 1947). 


beneath the coat of the caryopsis form the aleurone layer. Al 
grains are bounded by a proteinaceous membrane which ` 
simplest type only encloses a mass of amorphous protein. The 
complex types have various inclusions viz. crystalloids, glo 
crystals of calcium oxalate etc. In the endosperm cells of thi 

oil plant (Ricinus communis), aleurone grains are formed withi 
vacuoles. The contents of the vacuole are rich in soluble p 
finally they become hardened into irregularly-shaped bodie 
protein crystals; this crystalline part is known as crystallo 
addition to crystalloid, small globular body is formed wit 
attached closely with the grain called globoid. This globoid 
pure protein but protein in combination with inorganic 
double phosphates of Ca and Mg. So an aleurone grain of J 
consists of a ground substance of protein in which lie embed 
(sometimes more) crystalloid and one globoid. The aleurone 
of nutmeg (Myristica fragrans) contains only crystalloid. 
crystal of calcium oxalate is present in the aleurone gra 
Umbelliferae. Generally, aleurone:grains are small, even smal 


starch grains. 
-— Xantho protein test— When protein substances are t 
t Tes UN eden colour is formed. This yellow colour again | 
ie rie on addition of a few drops of strong ammonium hy aren 
to SOR (2) Biuret test— Protein substances can be detected by their v. 
n colouration when treated with 20% sodium hydroxide solution (Na 
1 w drops of 1% copper sulphate (CuSO,) solution. 
II. SECRETORY MATERIALS— ; = 
: iving su 
seful products are formed from the 
So toplan p the metabolic activity. Those suba 
d secretory products and they are not concerned 


nutrition of the plant. 
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are :—(a) plant pigments, (b) enzymes and 


i re 
- es of colouring matters a 
h Eo atthe petals of flowers and skins 
the presence of those pigments. 


i The 
l reen pigment ofthe plant. 
er i we serial plant parts is due to a 
rophyll. Chlorophyll is essential in the plant ce : 
carbohydrate food. Chlorophyll is xa 
1 of four pigments, viz. chlorophyll a, chlorophyll 
ll. 


inthophy 


ol ‘The two pigments carotene and xanthophyll 
j Nr otenoids, P hese are found in the petals of 
of fruits. Their colour ranges from orange to yellow. 


anin :—Anthocyanin is another pigment which is 
jed state within the cell sap of the vacuole of the 
» Blue, violet, red and pink colours of the petals of 
to the presence of anthocyanin pigments. 


and anthocyanin pigments attract insects which bring 


` 


mes—Enzymes are the active substances like catalysts 

living cells which only control the rate of Teactions 
i up they remain unchanged at the end of 

to the action of enzymes, complex substances break 
le forms. dw AS nitrogenous substances 

y ce protoplasm. Dias i 

` ayama D astase, protease, lipase, 


ar—The petals of flowers some gl 
4 here’ a sugary fluid, The sweet ten called 


ibstances are formed during metabolis i 
m 
m ray and are termed as excretory as š d ts 
us em like animals, č el 


nd plants get rid of these: Wee’ products are stored 


: » nicoti 
fs. ients in the leaves, roots’ 
a, Carbon, hydro complex compounds 
OF as solid inclusions inthe cep 282 and occur ia 
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Alkaloids are soluble in alcohol but usually i 
They are bitter in taste. Some of than are highly DA coal 


Some alkaloids are: quinine i 
1 ire: present in the cells of 
Cinchona Sp., morphine present in the cells of the fruit wall of 
somniferum, nicotine in the cells of leaves of Nicotiana taba 
(b) Organic acids — Various kinds of acids such as m 
apple), tartaric (e.g. tamarind), citric (e.g. lemon) are { 
solution in the cell Sap. These acids are soluble in water. ~ 
(c) Resins—In composition resin is complex in matum 
occur in some ducts or glands and are non-volatile. 


Types of resins— 


.G) Hard resins—resins which are soluble in alcohol, sol 
brittle e.g. lacquer, shellac etc. Hard resins are used in) 
varnish industry. - 


. ii)  Oleo-resins—resins which are soluble in volatile oils i.e. 
In nature e.g. canada balsam, turpentines etc. Used for arom 
sealing purposes. : 
(iii) Gum-resins are the mixture of gums and resins 
volatile and normally milky in appearance e.g. Asafoetida. —— 
Tests for resins :—(a) Soluble in alcohol and ether. (b) Resin fo n 
colour with alkali. `š 
(d) Cums-—OCeallulose cell wall after decomposition is com 
into gums. They are soluble in water. Gums are exuded fi 
cells, e.g. gum arabic ( Acacia senegal) of commerce, used asa 


(e) Tannins—Tannins occur as solution in the cell s 
vacuoles in concentrated state, in cells of parenchyma of the 
of fruits or cortex, e.g. the parenchymatous cells of pericarp 
fruit of Carpopogon sp. These are also found in the cell wa 
parts and in the bark of plants. They are bitter in taste and 
astringent. Tannins are also found in Acacia catechu, 
Tamarindus indica etc. Tannins are used in industry for 
tanning and (ii) for the manufacture of ink. 

= lue or green colour reaction is obtained on t 
Mc. aan: with solution of ferric chloride See 
sulphate and (2) reddish-brown precipitate is formed -when treat 
solution of potassium dichromate. 

(f) Etherial or Essential oils—In glandular cells gs the 
fruits and leaves of Citrus sp., refractive Broplbte of e x. ts 
found dispersed throughout the cytoplasm. 1 5 ag es 
scent of flowers is due to the presence of suc s g 
cells of the petals of flowers e.g. Rosa, Jasminum etc. 


ial oi i ial célls ; 0 

etherial oils are present in glands or specia [ 
are found in Citrus sp., Syzygium aromaticum, Eucalyptus gle 
Tests :— (i) Etherial oil is soluble in 9095 alcohol; (ii) with 
Sudan II, etherial oils stain red. 
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-L found i families of angiosperms and 
2 en E substances. The substances are 
resins, alkaloids; enzymes ' etc. ie ip 
watery ilky fluid. It is usually m 
be Sube dmn in colour and is secreted 
of cells or vessels found in some angiospermic 
‘Tn some cases latex contains dumbell-shaped starch grains. 


plants Hevea brasiliensis and Ficus elastica is the 
“rubber. Latex is also utilised by plants in the healing of 
. Some plants contain latex which is poisonous. _ Those 
nous latex p the plant against the attack of herbivorous 
The latex of Carica papaya contains papaine, an enzyme 
eo of the protein food. 
Mineral | Many plant cells contain inorganic 
-the form of crystals as by-products of metabolic 
hese crystals are of differing chemical composition and 
many types of cells of the plant. The most common 
° compounds are the crystals of calcium salts e.g. 


le and calcium carbonate. Crystals of other inorganic 
© gypsum, silica etc. are also found in plant cells but 


ineral crystals in plants varies 
acicular, pyramidal, rhomboi- 


in the cortex, pith and hl i 
the cytoplasm, usually in the qs 


ic lant cae are Crystals of calci 


cells, 


te Or acicular Crystal 
4 ete. In Pistia, otn to 


E: cepa r, yen 
tum Oxalate bx also found "Paste, m, 

eci w 
Decies of Citrus, Hyoscyamus Vicia 
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sativa etc. Single or twin prisms, either rectangular or y! 
may occur. 


Cystolith :—In a few plants e.g. Ficus elastica, Ficus 
peculiar cluster of calcium carbonate crystals project 


i i Allium € 
i — i xalate crystals in tunic cells of Alli 
ri CAE AND the petiole cells of Eichhornia 2m 
> € "Calcium DAC ted HOD Ee 
epicermal cell of the leaf (ae ne est cells al 
_ ides (r) and spheraphides (s B. 
pesa di from College Botany, after K. S. Das), 


iali i ly of epiderm 

i specialised cells, particular] xu 

potoplast in ee epidermal uk Ee o 
OF ne ; . Cystolith is no al of 

raat Seared inna projection of cell wall which is 


; [ > 
So ierat with calcium carbonate which appears like 
or in Er. 


grapes. 
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srystals due to the deposition of silicon 
E plants belonging to the family 
dophytes (Equisetum sp.). The roughness of 
presence of such crystals. Silicon crystals 
often massed together within the cells. 
e wedge-shaped or microspheroidal in form. 
he family Solanaceae e.g. Atropa belladonna 
observed frequently. 

Calcium carbonate crystals (cystolith) are dissolved in 
of CO, and (ii) soluble in weak acetic acid. 


Raphides are dissolved in dilute HCl without an 
des are insoluble in weak acetic acid, 4 


escribe the structure of a typical plant cell with particular 
kinds of inclusions. 


(Ist para), 2.2 and 2.6. 
? Describe different types with respective functions, 


illustrative notes on the different permanent cell contents, 


er article 2.3, 
oplasm—R. 


CHAPTER HI The Cell Wall 


3.1 The Cell Wall, its Nature and Function: In p 
all cells (except the reproductive cells like gametes, 
a es vi E riai wall, called cell wall. The 

within the cell wall ; presence of cel i ch 
feature of all plant cells. : Es 


Nature—The cell wall, at first, is very thin and de 
modified in various ways with the maturing up of cells. 
mature, some changes take place—these are increase in 
in extent, in chemical composition, in the modification | 
physical structure owing to the absorption of end walls etc.” 


The cell wall is the secretory product of the protoplast ai 
non-living membrane or wall. Fora long time, the va 
regarded as non-living excretion of the living cell matter (proto 
— hence the cell wall does not form a living system, although 
wallis by no means independent of the protoplasm (Cutt 
Recently much evidence has been found that in pli 
specially in young stage, “organic unit exists between the 
and the wall” and that “the two together forma singlet 
unit” (Fahn, 1967). I 

_ Function—Cell wall protects the living protoplasm from 
injury. It also gives definite shape and mechanical streng 
cell. Being semipermeable, the cell wall allows water and m 
salts to pass through it. »- 

3.2 Origin of the Cell Wall: In highly organised plan! 
cell wall is formed between the two daughter nucleiat the 
stage of cell division by cytokinesis process. According, 
(1943), Eames and MacDaniels (1947) and others after the 
of daughter nuclei, protoplasmic matters of pectin Cas 
related to cellulose) in nature accumulate in the eguna | 
in the form of droplet-like particles ; later on these | particles in 
in size and merge in course of time to forma contin l 
called cell plate (Fig p m p ee Le ( 

i itosis at the telophase stage, the 

Mm ears kelvén the two dau 

At the same time; ke 
e cell plate begins to form inside 

; he ell plate enlarges the fibres 

f the dividing mother cell. 


plane t 
As soon ast 
roach the wall o 


plat i ther ce 
reaches the side walls of the mo 
De od walls of the cells is delayed. Wher b 
all parts of the existing wall of the dividing A 
tely. But work with elec 


i ears comple | ees 
Decr quit vesicles formed by the Golgi apparatus ' 


somes) apparently fuse to form the cel plate and 


a 
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isti ll 
n late reaches the existing ce 
s {563 PMuhlethaler, 1965). This ca 
ci and chemical changes is later converted: 


ZOO y PY 
2s essem MA 


| 
Lh hh 


ml 
je 


T matic representation of different stages in the formation 

lh succe yers. pw—primary wall; m/—middle lamella ; 
m-middle and i—inner layers of secondary wall (sw). 

= (Redrawn from Sharp, 1943). 


dle lamella of the wall. 
wall between the tw 


I a 
LT 


=O 
SERRE" m. 
MA al 8 


y—Secondary Wall 
J (Three Layered) 
Middle Lamella 


x 
Structure of a matured a, 
n longitudinal Sectio 


nd lignified plant l 
D. (Redrawn ofter Bean “pes ag 
ve (ani i ! 
ive ( meris Yet ae thin and capabi 
ic i s: 
t `... av 
cells having living contents Primi, ne 
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‘grows both in surface as w i i 
E mo) of "ui primary wall Fi growth eR 
wall is not uniform in  thickne 
extent but, on the other hand, sho ^ “a 
patterns. At the time of the growth of the pe the 3 m 
gets stretched more and more and ultimately again 
materials like cellulose and other polysaccharides (derive 
sugars in the cytoplasm) begin to deposit on the inner side 
existing primary wall, next to the cell lumen—as a resu S 
wall called secondary wall is formed (Fig 3.1). Scondary 
generally takes place after a cell has completed its elon; 
therefore do not extend to any considerable degree. Seconda 
often three-layered viz, outer thin, the thickest middle and the | 
innermost (Figs. 3.1 & 3.2). Any modifications or changes t 
in the secondary wall are irreversible. Structurally and chen 
the secondary wall is composed of a coherent matrix of cel lul 
other polysaccharides within which various other cot 
notably lignin, may be deposited. Secondary walls are gi 
present in cells which are non-living at maturity e.g. scleri¢ 
vessel elements etc. This wallis rarely continuous over te 
surface of the adjacent primary wall, for example in tral 
elements of the primary xylem, secondary wall develops in 
of various ornamental structures like discrete rings, retic 
bands or bars, pitted structures etc. The reasons for this 
deposition of secondary wall are not fully understoo! 
secondary cell wall is considered to provide mechanical strengt 


3.8 Composition and Gross Structure of the Cell Walls — 


. Cell wall is composed of insoluble carbohydrates. 
components are mainly cellulose, hemicellulose and other Pí 
ccharides. According to Swanson (1963), the cell wall is m 
composed of cellulose—a characteristic plant substance form 
glucose sugars having the general formula (CoH 00s . 
cellulose lamellae may be separated by layers of pectic subst 
Cellulose and hemicellulose are insoluble | polysaccha! 
Hemicellulose is like cellulose but it is not built up of. 


molecules but of other sugars. 3 
ere are three principal la 


It has been already stated that th 
in the cell wall, e.g. (a) the middle lamella, (b) the prima 
and (c) the secondary wall. The basic constituents 
middle lamella are calcium and magnecium pectates a 
substances are also apparently present In add 
substances. The most important constituent n 0 : 
and secondary wall is the mesh-like matrix of cellulose s 
polysaccharides including hemicellulose. Peci d € 
also be present in the primary wa | In the E 
deposits of lignin, suberin, cutin, waxes, tannins ione 
such as calcium carbonate, calcium oxalate, Si y nd didis 
tances may occur. The lignin first appears in thé lat 
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i where it spreads centripetally through the: 
all develops. 


| is very strongly anisotropic i.e. optically 
„8. secondary walls of tracheids and fibres are 
(a) the outer layer, (b) the middle layer and 


° lamella, the primary wall and a three-l ayered 
these layers the middle layer is the thickest. 


Proper, 
condary walls of the 


° and the Components of the Cell Wall: 


netw, : 3 
Fon-cellulotic s ork of microcapillary 
in 
ed the micelles each 


me STUDIES IN BOTANY 


mainly due to this deposition of lignin between the e; 
framwork of the wall. The occurrence of a group ol 
containing hydroxyproline in the primary walls of vario! 
has also been demonstrated by N. J. King and S. T. 
these proteins may serve enzymatic as well as s uctu 
In most epidermal cell walls, the fatty substance cutin is fi 
present. Thecuticular membrane is made up of a cutinise 
cellulose layer encrusted with cutin and an outer cutie a 
or cuticle consisting of cutin encrusted on the cell 
boundary between the cellulose layer and the cutin is 
a layer of pectin. In some cells like phellem or cork, 
encrusted with another fatty substance called suberin ; t 
contains no cellulose. 


Sue m 
> INNER LAYER W 


i cell wall (diag: 
i — icroscopic structure, of the oe 
er on MPa eel showin z secondary vay layers. 

microfibrils: "rr ted from Fahn, 1967)- 


: 1 cell 
ils are arranged variously in s 
S are arranged more rly. 


The micr 
secondary, walls 
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tudinal axis. The microfibrils become more 
nally arranged as subsequent wall layers are 
tion is gradual. A tertiary wall, probably 
erent from the primary and secondary walls, 
° last stage of wall formation. 


at Formation of secondary wall materials on 
ges not take place uniformly, instead some thin 
t—those thin areas are called pit fields. Thin and 
or fibrils of cytoplasm, called plasmodesmata, pass 


. field: ef the cell wall at intervals, thus connecting 


Fig. 3.4—Plasmodesmat: i 
cells of Phoenix sp. (Afte ys š 


à ndosperm 
MacDaniels, 1947). 


mes and 


D'y concerned wit 

€ like endospernt the translocation 
Tned with , £ 
ant tissues, d conduction Of exter. 


ta are conce 
through pl 
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(iii) In some cases they establish union of isolated fo 
1 iso! 
the plant body into a single protoplasmic structure, 


(iv) Sometimes plasmodesmata are regarded asa 
for mechanical support. 


Origin : Regarding the origin and development of plas 
writes that “additional secondary protoplasmic connecti 
development of elongating fibers and ramifying sclereids. 
of the cell establish new cell contacts by “gliding” or “in r 
neighbouring elements, and' during this phase new plasmodesmata 


The origin and development of plasmodesmata has been 
Wyssling (1959). According to him the cell plate is partly protop 
although its real nature is unknown. It is assumed that young 
penetrated by the cytoplasm. With the accumulation of the 
and pectic substances in the wall, the cytoplasmic connections b 
gradually until they constitute thin threads i.e. the plasmodesmata. St 
(Buvat and Puissant, 1958) suggest that plasmodesmata are already 
cell plate at the time of cell division. Generally with the increase 
surface the number of plasmodesmata also increases, is pro 
about by the splitting of the original threads. When new areas. 
formed between,the cells during the expansion of tissues, inti 
new plasmodesmata are formed in the maturing cell wal 


3.6 Growth of the Cell Wall: 
n surface as well as in thickness. 
d'elastic primary cell wall the ç 
in size. Ina young cell, the wall is thin and delicate ; a 
grows and becomes mature, the growth in thickness oft 
begins. There are two classical theories regarding th 
the cell wall in thickness, such as : (a) that growth by 
method in which the new cell wall materials i.e. new 


Cell wall grows i 
stretching of thin, soft an 


G) 


gram showing 


ig. 3.5—Dié 
Fig. 5:3 a ppusition (b). 


and app! 
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between the existing microfibrils of a stretched 
í (b) that of growth by apposition method in 
ils are laid down on the top of the existing ones 
parate layer (Fig. 3.5). Though there are two 
onsidered that the formation of both primary 
walls occurs mainly by the apposition method 
Itis probable, however, that some growth in 
las in thickness of the cell wall by intussusception 
- Growth by apposition is generally centripetal i.e. 
iside to the middle. 


5 longitudinal growth of the cell wall, a new 
imulti-net theory of the cell wall growth (Fig. 3.6) has 
Widely (Muhlethaler 1961, '65). Thistheory also accounts 
id orientation of the microfibrils in successive layers 
ding to this theory, microfibrils are first deposited 

ely to the longitudinal axis of the cell; this 
outwards as a result of the formation of another 
by apposition method. As the cell elongates, 
yers of microfibrils are stretched and become 
ively more longitudinal plane (Fig.3.6). Frey- 
(1951) suggested that the growth of the primary 


(134 
— 


Again 
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wall materials is localised in man i in case f 

) y cases, specially in 0 
vessels of xylem tissue—here the secondary cell. wall mate 
not uniformly deposited on the primary cell wall, 


Various patterns or markings are usually found om th 
surface of the cell wall :— i 


(a) annular, (5) spiral, (c) scalariform, (4) reticulate and (e) 


In annular or ring-like type of thickening, the secondary 
ing matters are disposed centripetally in the protoxylem e 
the form of rings at regular intervals, e.g. annular vessels 
or xylem. 1 

In spiral thickening, the thickenings (due to the depo it 


secondary thickening matters) take place inside the wall in the 
spiral bands—this type is also found in protoxylem elements. ` 


0 G60 


OY 


< 

2 G 

A c I sect 
wall in longitudinal sections, 


i 1l 
i i f thickening of the cel ongitad oa 
Fi t AIDS C--Spiral. D & Sealer ed eticulat 
Kem Pi lege Botany, after K. S. Das). 
thickening matters are disposed. 


be, secondary longitudinal and transverse 


In the scalariform de dder, both in 


like the steps of a la al 
directions. :ckening results from irregular depositir 
thickening r à 
Lie hte e M, substances in the form of a network. 
of secondar | 


y X 
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i lled 

hin and unthickened areas, ca 
a i due to the deposition of the 
is all over the primary wall except within 


ii i in unthickened. 
which become thin and rema 
mary Pit fields, Pits and types of Pits : 


cell grows, rimary walls of young cells stretch and 
| surface cd pem hires These stretched primary 
ally not of uniform thickness but have conspicuous 
n them at intervals, these are called primary pit 
fields are numerous and deeply sunken, the wall in 
Ir appears to be beaded in transverse section. One of 
ic features of the primary pit fields of living cells is 
plasmodesmata, although they occur also in other 


walls also have cavities due to the une 
cell wall materials. Such cavities, 
are called pits. Pits also vary is size 
w, they look round, oval or 
° perforations, materials pass fro: 


ven deposition 
which are of 


ber—the space i 


ty wall is called pit dane TAM 
BU QUE —the Opening of the Dit cavit i 
1s called Pit-aperture, La Khe po 


membrane or Closin: 
€ m = 
ithe layers of primary “T asal à hin wall 


t 

d | 1 y i 
between two adjacently lying cle together With the 
S—There are two ma 


in types of pi 
PITS—These are round wie such as— 
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angles to the pit membran 

! ) e. Nob im i 

ample pits as the secondary wall r=; arc bl o 8 

Tone He the secondary wallis very thick "m ves 

sclereids 9 ie canal. Simple pits are found in librifo m fit 
, xylem parenchyma, ordinary parenchyma cells a 


Middle. 
Lamella-- — [Lees e 


Primary, [T LA 
Walk. «2S y =e sm 


Pit-Aperture 


| Pit- Membrane Border < 
A Pit-Chamber B 


Fig. 3.8 Diagrams of A—Simple pit-pair. B— Bordered pit-pairs 
and surface view). C, D—Half-bordered pit pair in surface 
de (D) views. (After Esau, 1962). 


and si 
(b) BORDERED Pirs—In this type, pits are provided with | 
ll develops over the pit cavity to 


the cell 
distinguis 
towards thi 
the cell wall. Hence a b 
or front vie 
chamber, hence the name 
composed of two thin layers of p 
cases the central portion o 


in the middle ; sometimes displacemen 
jos . Bordered pits generally 
f xylem, e.g: yessels, tracheids, fibres etc. 


z 229 
x THE CELL WALL: 
Eu: i iti imple pit pair ; if 
T mple, it is called a simp 
E tard Bordered pit pair. = eae 
i imple and bordered pit, kno 
E Eu cm combination of a sinh 
I = fee i.e. a simple pit on one side is associate 
pit on the opposite side. Inthis type torus is 
or poorly developed. | 
D PITS— These are the special type of pits named by 
913). In some dicotyledons thin, minute, simple or branched 


ar t on the secondary v^ 


n or along the 
apertures. These sculp- 
the vestures (i.e. minute 

° of several types, e. (gels 
tous, corraloid etc. Only 
* vestured while in half- 
Only the bordered side of 
vestured. Vestured pits 
` tracheary elements of the 
of some dicotyledonous 
"Merae, Myrtaceae, Legu- 

e etc. 


ts are found in phylo- — 
Ore developed xylem, hence apio 
are considered as an advan. Fig. 39 


á 


- "ME e] 
— es 
6 > S 


)—Vessels with vestured 


pits in longitudinal Section, 


(Adapted from Fahn (196 7) 
S OF WALL THICKENING— after Bailey) 


like projected thicken- 
Ings of the w. i traverse the 
Trabeculæ 


(b) Crassula Th 
—hese are | 
oe Crescent.s aped thickenings af 
ine Materials j ¿ middle 
pa ae pelmaty wall which 
š Outer and | 
marging -pai rn 
encircle th w ole ne 
p Re t ders f the primary 
Which the Ü de o E m 
“bare t l we esisnated ©, 
after the cd 
anio. B : 
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confusing in usage as these te i 
: rms are also applied to ti 
Crassule are found in the tracheids of some symaos a 


(c) Wart structures—These are wart-like 

been observed on the inner surface of the secondary VERBO i 

of certain conifers and of fibres and vessels of many dicots 
and Ledbetter, 1963 ; Wardrop et al 1959). Wart structures di 
after or towards the end of the differentiation and lignification 
secondary wall. These structures vary between 0.1, and € 
diameter. According to some authors they consist of a 
the protoplast. 


cell wall are as follows :— 


(A) LIGNIFICATION—Cellulose cell walls become lign 
result of infiltration of the walls by lignin—a woody subs 
cell wall becomes thick and hard due to the deposition of 
plex substance as lignin. After complete lignification proce 
loses protoplasm and becomes dead. Lignin is deposited 
primary and secondary walls of many kinds of cells, particulai 
of xylem of wood or fibres. In angiosperm wood, midd 
primary walls and even the thin outermost layers of secon 
are the most heavily lignified parts of the cell wall. igni! 
are permeable to solutes and water. It gives strength, han 


rigidity to the plant body. 
Tests:—(a) Phloroglucin and hydrochloric acid ste g! = 


(b) On treatment of lignified cells with chlo 
become yellow to yellowish-brown. (c) Lignified ¿cells turn golden 


aniline sulphate solution. 
(B) CUTINIZATION—It is the process by which cell walls b 
cutinised due to the infiltration of cutin, a 


complex chemical substance. epo: 
of ilie epidermal cells and to a lesser extent within the su 


cells and elsewhere. Cell walls imp 


cutinised walls. Deposition of cutin on ! w : 
i i i osition of other waxy 
imi p mi o called cuticle is formed on 


—as a result a “water pr 


entire outer surface of walls of aerial parts. 


inisi It gives firmness to the cell wall 
aS Leo ol of e loss from underlying celis: 


and helps greatly to the c s 
:—Cutinised cell wall (a) turns yellowish brown hide c 

TS oe huric acid, (b) with caustic potan. solution aue 3 
fonna dan HL turns pinkish-red, (d) with chlor-zine 

i lour. - 
stains yellow or brown co! 

Cutinised walls are smooth in the ib 2 n 
c 
"v due to the developmen 0 E 

TA Us ties plum etc. retain water due to strongly 
1ui 


pidermal walls. 


o water. 
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e ome suberised due to the 
` ety so fatty substance known 4 
un called suberization. Suberin is qune 
with cutin ; it is chiefly deposited over the internal rr 
s occurs less prominently in the cells of endodermis ee 
nis. Suberization renders the walls impervious to wate 
Eo i i 

a) Chlor-zinc-iodine turns suberised walls yellowish-brown. 
pot Es ce 


\GENOUS CHANGE—Cellulose cell wall undergoes 
T ition of a viscous substance, called mucilage, 
cell wall is called mucilagenous change. 
tat power to absorb and retain sufficient amount of 
| Viscous. 

in the seed coats of Plantago ovata (Topmari) 
um and Salvia coccinea seeds. The cell walls of the 
uits and flowers of Malvaceae are mucilagenous. 


of many plants are fixed to the soil due to the presence 
quatic plants are protected from insects by the 


cilage 


phuric acid and iodine Solution tu: 
Y ae blue turns mucilage deep blue. 


uer a etelization of cell walls is due to the 
„Other mineral matters like oxalates of calciu 
1. Silica infiltrates heavil = 


rn mucilage into violet 


e presentin the e ider 
Cus elastica etc. quw p 


In young condition (e.g. the cells of 
de penu anged without Showin 
ES h ature, the contact between 
Fori ally broki down, so that so 

E WE between cells, Intercellulas 
om a IS dueto th difference in 
ah 5s ing cells. TC interce]lul r 
ad Ch elongated nes are called 

ce Daces generally form aerating c 
ntain air Or Water, M or 
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lamella; as a result of thi 

; is, new and i 
feparated by a cellulose wall. At the level OLARAN ci 
m dle lamella, a small intra-wall cavity appears (develop 
ugally) and which ultimately reaches the outer middle-h 


MIDDLE 
uus LAMELLA 
MIDDLE PRIMARY 
LAMELLA WALL 


Fig. 3.11—Different stages of the development of intercellu 
spaces. (After P. Martens, 1938). : 


forming a triangular cavity (Fig. 3.11). Sometimes, the origin 
wall cavity is preceded, accompanied or followed by the fort 
a separate cavity within the old middle lamella —this 
intercellular. These two cavities may thus fuse giving 
mature space. 


tercellular spaces. 


Fig. 3.12— Types of in vp 

a ‘schizogenous), ec —ep1 " š 

Citrus sp. feeds C —Protoxylem lacuna of =: ma one : 
Tysigenous). (Adapted from College Botany, after K. S. as). 


A-—Resin duct of Pin 


s, viz. (a) schizogenous 

re two types of spaces, viz. (a ou 

I ab When spaces are “formed by oy senate a 

followed by the retraction of the ep pa à 
movements of the cell”, the spaces are sal 


canals or duct 
Resin dut of conifers, the secretory Ee c 
angiosper 


amilies like Composite, X 
examples of A iraan spaces. When spaces are foray 
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they are said to be /ysigenous. Oil 
air spaces of water plants are the 
- Sometimes cavities are also formed 

two methods—such cavities are called 
es are the protoxylem lacune of maize (Zea 


e ‘SELECTED QUESTIONS 
? 


) the origin, composition and structure of the cell wall. 
3⁄2, 


t account of the various types of thickenings and modifications 
l. Illustrate with sketches. GEN rer woe 


and article 3.9 B (excluding tests). 
| between simple pit, bordered pit and half-bordered pit* 


fer article 3.8, page 227 
Refer article 3.8, page 229 


x s ? Explain with the help of illustration, 


CHAPTER IV Cell Formation 


All living things can grow in bulk and size du 
New cells are also formed during the mee oe Of Tepe a 
reproduction will stop if there is no cell division, A pre-existing © 
forming daughter cells. These daughter cells will again form new cel 
division, So the countless number of cells in plants or animals is not 
de novo’ but results from the division of pre-existing cell of zyg 
Pone tin Ina or nuclei and cells does not take place. Th I 

es of cell division. In the cell division fori 
activity of the nucleus is the main. and: cone 


4.1 2; Mitosis: Cell division leading to the developme 
vegetative body of the plant e.g. growth of root, stem tips, 
leaves etc. is called mitosis or somatic (soma=body) cell di 
So mitosis is a process of cell division ‘which gives rise to 
in the growing regions of an organism and maintains conti 
chromosome number and type". In this process the nuch 
cell undergoes division forming two identical daughter nu 
the same chromosome number like that of the mother 
indirectly through different stages ; therefore mitosis is also kn 
karyokinesis or indirect nuclear division. 


In this type of cell division, nuclear division i.e. karyokine 

immediately followed by cytoplasmic division, called cyt 

Nuclear division of mitosis involves four stages, viz. > 
(a) prophase, (b) metaphase. (c) anaphase and (d) teloph 


(a) PnoPHasE—The nucleus of the” cell does not under 
recognisable change before the beginning of this stage except I 
becomes bigger and more distinct. This condition of the nuc 
called metabolic condition. i 

In this method, nuclear reticulum or chromatin reticulum 
transformed into rs 
chromonemata. The chromonem t c 
and distinct, and separate into definite number of i 
distinct thread-like suci ee as 

ears surrounding each chrome 4 
na longitudinal splitting immediately, so the number of < 


ecomes double. : à ost 
rediens which is the functional unit of the cell division 
meantime the nuclear membrane a 


rophase, thickening and shortening of the ch 
to spiralization. £ 
i ithin the cell, a spin 
HASE—In this stage, within the } 
ted care or S satel, 
i.e. the sap ol the eus. : et 
karyol m alar spindle or achromatic figure with two poles 
s s 
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“the middle region. The thicker chromo- 
chromatids now arrange themselves in the 
‘spindle. Each chromatid remains attached 


sages in —M 
Mitosis, A Metabolic roan 5, B.D— —Prophase 
id Prophase. ,D- —Late Rd ph: ase). E— —Metaphase, l 
phase. se. I- ineat After T Sharp, 1943), 
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... The two equal or une i i 

€ qual sides of chromatid. calle 

The fibres, directly attached to the chromatid pete th 

ee are called fractile fibres. It was suggested that traci 
extension of the ch i i 

E aeeai romatids or something extrudi 


(c) ANAPHASE—In this stage the chromatid 
begin to move from the equator to the opposite SEND I 
-the spindle. The distribution of chromosomes both qualitat 
quantitatively is equal. The centromeres move alo ; 
fibre, the arms remain behind. At this stage chromosomes 
quite distinct and assume V or L-shaped appearance. A 
of anaphase, the tractile fibres and matrix gradually disapp 


The movement of chromosome in this stage possibly oc 
to some force apphid by the fibres, probably due to the eo 
the protein molecules of the tractile fibres. 


(d) TELOPHASE—In the last or telophase stage, the chrom 
finally reach the two poles and become crowded together fol 
net work. The matrix completely disappears; nuclear mi 
and nucleoli reappear forming two daughter nuclei. 


One pair of chromosome with a prominent n: 
at one endis present in the diploid nucleus so produ 
telophase stage. The portion of that chromosome which | 
isolated from the main body is called satellite; the pair < 
chromosomes are called sat-chromosomes and the constric 
called nucleolus organiser which is responsible for the formal 
nucleolus. 


CyTOKINESIS—Cell division is not completed in the te 
It is followed by cytokinesis i.e. the division of the cytoplasn 
formation of a wall between the two daughter nuclei into two 
The fibrils of the spindle fibres extend outwards and touch 
walls. Thereby a barrel-shaped structure is formed. e 
equatorial plane of the spindle, protoplasmic mate 
in the form of granules or droplets. These droplets fin 
to each other forming a plate, called cl ae 
transformed by physical and chemical changes into ta 
substance, called middle lamella and apama i € 
materials are again deposited over the middle m 
wall layers (primary and secondary). In some cas 
takes place by furrowing. 


4.2 Meiosis or Reduction 
is a special type of cell division ! a 
phn ea: gametophytic tissue In pa 
gametes in animals is normally accomp'is eme Nis 
of meiosis lies pa conan a tee Hec 
iploid cells in the formatt Tho sa 
i MALIS place are called meiocytes. Ia majority of 


steal 
«mother cells i.e. sporocytes are the meiocytes, S 


division— Meiosis or re 
by means of which the 
nts a j 
d." The main. 


1 Te 
|. CELL FORMATION < 
SEN mother cells (diploid) takes place by 


wee >, 


á 


nvolves successive nuclear divisions ; of these the 
X al and Ie second division is equational. 
also known as meiotic mitosis. Now these two 
med as first meiotic division and second meiotic 
spectively. As a result of these two successive divisions, 
er cells are formed and they are all haploid. 


` Division i of this 

— The most important feature o 
hat the prophase stage is very long and the chromosome 
s pair and the exchange of hereditary materials takes 


iis, the entire cycle of meiosis can be divided into four 
phas metaphase, anaphase and telophase. 


m prophase I the nucleus increases in volume due 
© in hydration. This Stage of meiosis is a lengthy one 
ð the following five Sub-stages : 


i this stage the chromosomes 
d and distinct from one another. 


appear as long 
| a cell (which 


The number of 
is still a somatic cell) is diploid, 


e—In the next Stage follo 


of them cohering wit 
called homologous ch 


the chromosomes 
h its homologue. 
romosomes. This 


In this sub. 
e thicker d aage, the 


and stout. Th 
, cach chromosome forms 


two chromatids fi 
* end of this Stage—as pe 
i Osome pair now consists po rad n», 


bivalent 


does not involve an. 
i does not i Y reduction j 
) division as that division Takes pimosome =a 
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shor tening of bivalents or chromosomes goes on; the 
; : : n 
. 
»chromatids are evident in each paired chromosome. 


Fig. 4.2—Different stages in meiosis - 
A-E—Prophase_I (A—Leptotene, B—Zygotene, C— Pach) 
D—Diplotene, E—Diakinesis). F—Meta e n 

el 


H —Telophase I. J—Prophase II. J — 
K—Anaphase II. L—Telophase II. (After 


. FORMATION es 


form i kes 
d: in partners by crossing over ta 
EE (feand at the ead of the chromo. 
(found any where over the chromosome). 


i iti inal chiasmata 
4 m the interstitial ones termina 
of chiasmata from one position to another 
Í terminalization whereby the chiasmata is shifted. 


is — bivalents are next distributed on the 

“s B>) the chromosomes become shortened. 
this sub-stage is about to vanish. Thus prophase I 
after this sub-stage. 


this stage the nuclear membrane and the 
The spindle or achromatic figure is formed 
I iph. Each bivalent now consists of a paired 
? four chromatids) and they are all arranged at the 
it of the spindle. 

The first metaphase sta 


e separation of paired chromosomes (i.e. 
'4 chromatids) takes plac 


d are now separated from the other two 
Opposite poles. This 


ction. Each group of ch 


€ ion in chromosome 
*5 complete by the first anaphase Stage, 
-Next in the first telophase sta 


ge bipolar Spindle or h i 
ind att a, achromatic f ure 
B hromosomes are arranged in the equato- 


two chromati 

end this movement ets move apart 
move in the u 

y the chromatids. sual mann 


E Daughter nuclei are 


formed fro 
: the poles, 4 d the chromatids 
JS possesses a set of serge E lei are 
of the Ophase I stage. Mes and 
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CYTOKINESIS— Finally cytokinesis takes place form 
and each cell nucleus consists of a haploid number (red 
of chromosomes. 


Significance of Meiosis—The significance of m 
reduction in number of chromosomes in the reproduc 
spores, gametes etc. In gametic union the sporoph 
development, the chromosome numbers of sporoph' yte | 
diploid. The sporophyte in order to produce spores, which ! n 
haploid(n) chromosomes, must undergo meiosis i.e, l 
number of chromosomes. If the reduction division or 
not have taken place then in the generations of succeedi 
the chromosome number in their somatic (body) cells w 
been, 2n, 4n, 8n and so on. That is not possible as the 
chromosomes in the somatic cells of an individual sporophyte 
constant and the number is constant for a particular species. 
to maintain the constant number of chromosomes of a sp 
reproductive cells must undergo reduction division or meiosis. 


Differences between Mitosis and Meiosis—(Refer Studies 
Vol. II, Cytology part, article 3.3). , 
4.3 Direct Nuclear Division or eu E is usally 
iction or fragmentation of the nucleus into two dau 
wie alas EU be of equal size. At first the n f 
to some extent, next it undergoes constriction as a result 7 
narrower and narrower in the middle or at one end ani 
nucleus splits into two. A cell wall may or may not be fo br L 
the two daughter nuclei. In this type, the chromosome A 
any part. Direct nuclear division is of rare bene bes 
stem of Tradescantia sp., celis from the internodes e be 
of Spirogyra sp., etc. furnish examples of direct nuc 


- f 
— Different stages (A-D) o 
gm in the internodal we. of 
Chara sp. (After Eames an 
MacDaniels, 1947). 


Fig. 4.4—-Free cell foi 


4.4 Free Cell Formation—In this ge “tte a U 
mother cell divides into ie. n pitone a [e 
ivi Ocess i i 
divide, RUE p Pother cell, and these dang ape F 
of pen When the nuclear divisions stop, 1° 
cyto, . 
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i nd each nucleus. The 
Is em BE s side to the other. 
cec taking some amount of perum 
3 thereby forming many naked cells. The mothe 
upture and the naked cells are liberated. 


occu i i f spores 
tion at the time of the formation of. 

zit an eas etc.) in many fungi, at the time of 
tion T angiosperms and gymnosperms etc. 


'seence—[In this method the protoplast of a parti- 
active and transformed into a new cell, e.g. 
(a green alga) the protoplast of the old cell is 
i by a partition wall. The protoplast then contracts 
0 cell. Next the cell wall ruptures and the 
ted. The protoplast is finally transformed into a 
ked motile zoospore. It moves for sometime, then 
est and secretes a wall around it. Such a Zoospore 
ito a new plant. 
ling or Gemmation—In yeasts this type of cell formation 
uring vegetative reproduction. Yeast is a unicellular 


time of budding one or more small protuberances 
are formed on the cell wall which increase in 


or 


Fig. 4.5—Budding in 
a yeast cell showing 
ifferent stages 
(A-D). 


SELECTED QUESTIONS 
Describe the proc i š 2 
cance in the lite history of SEN with suitable sketches, 


ze 


live process by which 
Pons y Dew cells are formed i 
I escribe the different Stages involved wit wat ps. 
!on:- 
1g— Refer article 4.6 - 
Inesis — er i 
Refer rige gt dee. 


‘ormation—Refer arti 
"nce Refer article 4$ s: 


CHAPTERV The Tissues 


5.1 Definition: 


mass of cells with common Origin, structure and function, 
may consist of cells of different structure and even di 

but the cell composition is always the same in tissu 
different cell types. Hence for the sake of conve 

be defined as a complex of cells of common origin (Fahn, | 


classified on the basis of different grounds e.g. acc 
position in the plant body, types of constituent cells, 
the method and place of their origin, their stage of formal 


The classification of tissues can be made either from the view poi 
tive anatomy and morphology or from the physiological anatomy. A 
Eames and MacDaniels (1947) “continuity of cells in the tissue is: 
the morphological viewpoint, whereas it is not important from the ph 
viewpoint where function alone binds cells together as a tissue", F 
all the cell or elements of xylem (i.e. conducting cells, supporting ¢ 
cells) are contiguous and form the complex tissue from the 
point of view ; but from the physiological point of view, the cond 
form the wood, the supporting cells belong to mechanical 
storage cells to another type of tissue. 


There are two broad kinds of tissues such as (i) meristei : 
cells of which are always in dividing Stages and (ii) pe 
cells of this type are not in state of division. 


5.3 Meristematic Tissue: In the growing vegetative Of 
root and stem, only one type of tissue is found, called š 
meristematic tissue. Meristematic tissue is composed of I 


A C s 
Fig. 5.1—Meristematic cells. A—Typical meristematic 


i i n d longitud 
d C —Cambium cells in transverse an: tt 
nas respectively. ( Adapted from College Botany, aft 
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ie power of division, Cells of meristematic tissue 
hetric in shape and their size varies greatly. They 
ated without any intercellular spaces. All the 
he. dividing cells are characterised by the presence 

t nuclei, dense cytoplasm with small vacuoles 
u the cytoplasm ; ergastic matters i.e. reserve 
|, excretory materials and secretory materials are 
ds re in proplastid stage. Cell wall is thin and 
^ Composed of cellulose. Some meristematic cells are 


Cells derived 


of cells to 


H of Meristems 1 . 
thod of development, st Metistems are classified accor- 


ructure iti 1 
° of cell division,” POSition in the plant 


on of meri A 
of meristem according to their Stage of develop 


PRIMARY MERISTE 
ach lies below t 


n. 
i Oncerned wi om the 
rima : wit TN ver 
rimordia Si meristems are eed Iding y 
e faves and appendagast *t the 
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which appears ier at a certain stage of develop 
organ, add new cells to the primary bod with definite 
protection and repair. s: j P 


B. Classification of meristems accordin, p 
plant body : e a 


According to the position in the plant body, me 
fied into three groups, viz. apical, intercalary and lat 


(Í) APICAL MERISTEM— This type of meristem oo 
of stems and roots of vascular plants and thus 
growing regions. Apical meristem includes the promerist 
primary meristem, and gives rise to primary permanent ti 
together constitute the primary body of the plant. Inc 
of the axis is mainly due to the activities of the apical 

hence apical meristems are i 

Apical meristem growing points. A single apic 
found in the apical meristem Ø 
phytes ; but in case of high 
spermatophytes, a group OF | 
cells constitute the apical mer 
apical initials. Such apical in 
occur in one or more tiers. 


(2) INTERCALARY MERE 
the growth of the axis (root and 
portion of the apical meristem 
from the apex by the de 
permanent tissues and finally 
ded between masses of perm 
Intercalary meristems are 
different organs of plants, e.g. 
base as in Pinus sp. at the bast 
internode as in many grasses 
and Equisetum sp. (pteridoph 
the node as in Mentha sp. ( 
Increase in length of ye ist 

A : meist 
Fig. 5.2—Longitudinal section function of this e d 
of a shoot showing the position Intercalary meris oa A 
of meristems (diagrammatic). either they merge with E. 
(After Eames and MacbDanie!5, tissues or become conve: 
veda nent tissues. . 


istems are. situ 
LATERAL MERISTEM— Lateral meris us 
i.e Cael to the sides of the root and the sen of 
uud dicotyledons. The cells We iue un 
divide mainly in one pne is M ly pedis ; 
issues. 

to the secondary permanent ti ee 
bium), cork cambium 

noes aa. Increase in diameter of the plant 


function of the Jateral meristem. 
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‘of meristems according to their functions : 

‘plant anatomy (Haberlandt, 1914) this functional 
| meristems has been followed, and accordingly 
4 into (i) protoderm, (ii) procambium and 
or meristem. According to Haberlandt, 
em at the apex of the axis is gradually differentia- 
ses viz. protoderm, procambium and ground 


is the outermost cell layer ; cells after radial 
dermis. In Ficus, multiple epidermis is formed 


GROUND MERISTEM 
PRO CAMBIUM 


(A) an "gs Tepresentation o: 


in tra f the s i 
apd their gradual dis section shoes © 
om College Botany, after x gÍ tissues, 

- Das 


x ). 


x : € ring i 

each of Which din M = 1 imber 
| elops into a Vascular MALA 
| undle 
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consisting of xylem, phloem and cambium. The 
ttered In monocotyledonous stems. la roots ‘onl one 
strand is found in the centre. The procambiuay $ 
Increase glving rise to pericycle in some stems. 


ground meristem. It is 
medullary rays and the pith. 


. D. Classification of meristems according to the 
divisions : 


Meristems are of three types as follows :— 


(1) Mass MERISTEM—In this type, cell division occurs im 
and results in the increase of mass, e.g. growth of young. 
endosperm, formation of sporangia etc. ] 


. (2) .PLATE MERISTEM— Here cell division occurs mainly an! 
in two planes and results in the increase of a plate-like ` 
growth of flat leaf blade, uniseriate epidermis etc. 4 


(3) RIB MERISTEM OR FILE MERISTEM—Here cell divis on 
in one plane ie. to long axis producing columns or rows 
Increase in length of organs takes place as a result of this 
division e.g. formation of pith and cortex of young roots an 


5.5 Theories of Structural Development and Differentiat e 


The apices of the root and the shoot represent the fin 
self-perpetuating promeristems consisting of a mass of hom 
meristematic cells. According to modern workers, a 
zonation is noted in that promeristem. Zonation ie. sl 
development means distinction of prominent regions differi 
each other in the presence of several characters, such as (i) 
and nature of cells, (ii) position of cells, (iii) plane of cell d 
(iv) shape of cells and (v) rate of maturation of cells. 


Several theories have been put forward to explain their o 
these are as follows :— ë 


i i f many à 

APICAL CELL THEORY—In the growing region o! 
bd DUM and pteridophytes, a single apical cell has beci : 
constantly present which leads to the growth of the w P» p! 
This theory, propounded by Hence m EV 
iin It i 1 ce eory. cons 
Nageli in 1878 is known as  apica Few 
is present within the apical cell. Apic 
Massey i the fact that apices of spermatophytes d , 
ibis than one cell and hence cannot be interpret: E 


of this theory. B 
STOGEN THEORY—The older "apica r 
Aure on by M YA Tr 
Strasburger (1868). Accordi 
LP iae pt of groups of initials forming a mass of 
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i i is di i into three 
is mass of meristem is differentiated in 
phe histogen which is composed 


ne originate from the enlargement 
of simila EO; dividing promeristem. The cells 
undifferentiated promeristem are full of dense 
t any vacuole. But slightly below the extreme 
meristem three histogens are differentiated and 
logen, the periblem and the plerome. 
ns Or histogens make up the apical primary 
duce on further differentiation primary permanent 
al primary meristem consisting of three histogens 
il stages between the promeristem and the primary 


'atogen or Protoderm :—It is the outermost uniseriate 
of this region usually divide by radial walls and give rise 
+ in rare case the cells of this layer divide by tangential 
by radial walls giving rise to multiple epidermis, e.g. 
t—It is the region lying between the derma- 
t. This zone is composed of isodiametric cells. 
e by active divisions give rise to primary cortex, 
of the cortex differentiates out from the periblem 
which divide both by radial and transverse walls. The 
is also derived from the periblem (ground meristem). 


ion of shoot 
sens. (Adapted from College nt Toot apex (B) showing 
Das), 


tany, after K. ç 


sive central 
to central cy]; Z € cells b 
Pericycle iue - ele consis 
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In the plerome som 
: > e gr i 
primary meristem kd t cells "dites 


im tiate out r 
originator of primary vascular ti | 


procambium strands 
Ssues. 


(c) THE TUNICA-CoRPUS THEOR i ; 
I Y—Th 
by Schmidt (1924) and supported by Foster (ae A 


theory, two tissue regi i i 
: tis gions occur in i 
tunica and (ii) the corpus. he iota 


(i) The tunica—It is the outer envelopin regi 
one or more layers of cells. The plane of cell division id th 
is mainly 
tunica cells are 
than the 
Epidermis 
the tunica. 


(ii) The € 
It is the centr 


are larger 
divisions in corpus 
place in all p 


anticlinal, 
Fig. 5.5—Longitudinal section of a growing shoot radial, tangen! 
apex showine the differentiation of tunica and The pith, th 


corpus. (After Eames and MacDaienls, 1947). cular region 8 
part of the cortex originate from the corpus. 


Conclusion—In contrast to the histogen theory the tunica-co 
theory bears no relation to the histogenesis. The number of i 
may be few, several or many, e.g. In grass seedlings there may bë 
or two in tunica, two in the corpus. In vascular plants region 
in shoot a»ex differentiation is brought about in more or less 
pattern. In lower plants the initials form a uniseriate layer, s 
is no differentiation into tunica and corpus. The segregation 
meristem zones is usually more definite, there are two sets o. 
one above the other which form tunica and corpus indspenden 


5.6 Gradual differentiation or Zonation of Plant Tissue rej 
from Apical Meristems : z : 


A. SHOOT APEX: . á 
(a) Shoot Apex of Angiosperms—The earlier apical cell t 
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= : 
atogen body by the activity of a solitary 
Ee lnifials ed replaced by the aen 
wording to histogen theory, the shoot apex o 
of three histogenic layers such as (i) (alone 
(i) plerome which are laid out from the apica 
promeristem. The dermatogen, a uniseriate outer- 
radial divisions of its cells forms the epidermis : 
which is a cylindrical zone of several layers of cells lying 
logen and the plerome forms the cortex ; the stele 
der with primary vascular tissues together with non- 
are derived from the central zone called plerome. But 
distinction and derivation of these regions are not very 
have no morphological significance, e.g. the plerome may 
only or the whole of stele with some portion of the 


certain groups of meristematic cells are set apart 
which gradually differentiates into vascular 
"dons, in the middle portion of procambium, few 
l ey meristematic and are known 
cambium. The division of cells in periblem and plerome 
lace in tangential and anticlinal planes. 
en theory dominated interpretation of apical meristems 
years, but in the early decades of the twentieth 


vely surface and volume ñ 
ce area and the corpus i growth. The tunica 


distinct 
ie anticlinally whi : 
Sstes in which "e ius Core is 


, e distal c. 
ng cal i ws 
8 calls of Similar type are arranged "° 


type. 
meristem ; 


sitional zone 
meristem; ` 
meristem ; tu — 
(Redrawn_ fro 


(1967) p: 


rm 
H 


Popham (1952) has recognised two main types of corp 
sperm shoot apex such as (a) the usual angiosperm type and V 
Opuntia type. In the former type three zones can be disting 
in the corpus, viz: (i) the zone of central mother cell —this 

located below the tunica initials and probably represents t 
initials, (ii) the rib meristem and (iii) the flank meristems 
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I 
tinuations of the central mother cells, In 
EE stove zones, a cambium-like transi- 
tinguished which is cup-shaped and found 
‘ther cells and the rib and flank meristems. 
stems are generally derived from the corpus 
| plants they arise from the tunica initials. 
is of cells arranged in rows which usually 
Most of the cell divisions in this zone are 
onal divisions also occur. The epidermis and its 
e from the outermost layer of the tunica. Leaf 
. procambium (entire or part) and sometimes 
° pith arise from the flank meristem. Eames 
t tthe angiosperm shoot apices have probably 
isation, viz. (1) in which the cells of tunica divide 
ome central cells of the apex where periclinal 
nd (2) in which no periclinal divisions take place. 
n, "evolutionary progress in specialization in the 
ex has apparently been from a tunica with layers 
i divisions are general throughout, to those with 
restricted to the apex, and to those with anticlinal 


perms : — Previously it was stated that the ti 
"ns was a promeristem consis rentated and 


I z€ and apical initi; 
n the Seedling ' ; Cells of this 


Bated ; this 


Zone enlarges 
"on of cells from NA 


this type fi i 
of centra, mother CUN ematic gonea. yiz 
em and (e) the flank me, (c) the cambiu T7 trandllface 
tem form the apical initiate qon be distingan an Onal 
itials, the "IDgUlshedq 
cells divid aat 


lvide anutclinally 
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polyhedral and irreg 
rombium-like transitional zone is cup-shaped, relatively 
Y frequent cell divisions ; forms a transi 
central mother cells and the zones below it. The ri 
ium-like transitional zone, the cells of : 
; pith develops from this zone. The flank meri 


rib meristem and is a continuation of t 
it zone. In this zone, the number of cells i 
meristem itself as well as by the addition of cells 


and the cambium-like transitional zo i pr 

š t ne. The cortex, leaf primordia, 

and in some cases the outer region of the pith develop from this zone. = 
(3) Cryptomeria-Abies type—In this type four meristematic 


distinguished. Onl i i iti i 
igu 3 y the cambium-like transitional zone is 
remaining zones are like that of Ginkgo type, 


Shoot Apex of Pteridophytes :— The shoot apex of pterid 

one or more initials which can be easily distinguished from peris r 
These initials, by division, give rise to all the cells of the a 
initial is present at the apex, it is called the apical cell, If more t| 
are present at the apex, they are called apical initials. In Selaginella 
one cell i e. apical initials are noted at the shoot apex. Single apici 
in Equisetum sp., in some ferns and in the members of Psilotales. 

cell is generally tetrahedral in shape and its base is directed towards 
of the apex. The single apical cell divides in such a way that then 
formed on all sides except on the surface of the apex. The 
pteridophytes are generally four-sided, but in some water ferns eg. | 
Salvinia and Azolla and in Selaginella sp., sometimes, they are only 
In Salvinia sp. and Azolla Sp., new cells are formed on three sid 
-Selaginella sp. they are formed on two sides, 


B. Roor Apex: 


The apical meristem of the root is simple and short 
that of the shoot. The root apex differs from the shoot | 
its clearer and more constant zonation, in the definition ¢ 
close to the apex, in the presence of a root cap a 
absence of primordia of appendages. The anatomy of the 
was well known long before critical studies of the shoot ap 
made, this is because of the greater simplicity of the root a 
better distinction of histogenetic zones. 


Early descriptions of the apical meristem of the root se 
geome central core; the periblem, an outer. a h 
dermatogen, a uniseriate outermost layer. , Distinction of th 
layers with implication of restriction in function and morph 
‘the parts developed by each, formed the histogen d 
.ntogeny of the root apex the histogen theory ri y 
account. However, the terms dermatogen, peri oon 
as used today, have a somewhat different meaning an 
‘by Hanstein. The mother cells of various tissue sy: pu 
are replaced at long interval by es zu hec e e 

ermanent initials. In m , Ç 
direlopé fim a group of mother cells (temporais in a 
is better to use, instead of histogens, the e: z of 
of the cortex and meristem of the vascular cy 
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Tunica and 


the promeristem (Fahn, 1967). 


of different types of root apices noted i 


n gymnospems 
donous (B) and in monocotyled. 


onous (C) angiosperms, 
(After Eames and MacDaniels, 1947), 
ex in Angiosperms :--The 


meristematic layers of the root 


“rms are usually formed by three or four (rarely) 


(1940, “47, 60) Suggested that in the root apex, the 
Ol different tissue Systems can be trace at various 
5 from the central cells i.e, the Permanent initials. In some 
the meristems temporary initials) of the Various tissue System 

i i € centra] cells i.e. 
t the initials of t 


he ex, the 

n (e.g. Brg sica or the 
Protoderm an he root 
the d fferent tissu ystems 

a bt Central 

n initials either for the 
rt t cap, Cortex 
Periphery o tral cells. 
he tra] S of the 
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‘promeristem of the root 
i apex have vi i 
ipart is termed quiescent centre. c 


Fig. 5.8 —Longitudinal section of the root tip of Triticum sp. show 
central initials (ci), central cell (cc), initials of the vascular cy) 
(vei), initials of the root cap (rci) and protoderm initials (pi) 
Redrawn from Fahn (1967) after Schade and Guttenberg, 19: 


There is another theory known as Korper-Kappe t 
was put forward by Schuepp (1917) and supported recently 
(1961). This theory is equivalent to the tunica-corpus theo 
shoot apex and is based on differences in the planes of cell di 
According to this theory the cells in the root apex divide ina 
which is termed T-divisions. The outer region of the 
„constitute the Kappe, the cells of Kappe divide first trans 
next (secondly) the lower daughter cells only divide longi 
thus the planes of two divisions form a “T” in a median lo 
section of the root apex. The inner region of the root a 
the Korper, in this region *T' becomes inverted as a res 
division (which is the second division) of 

Korper type of T-division has be 
f the family Gramineae and Fagaceae. 


ms the plerome, and the outer group |! 
harp demarcation exists between these t 


found. 
d but is originated fr 


and the periblem; no $ 
At the apex O 
blem a little | 
from the periblem as 
Root apex of Pteridophytes tes, eg- 
Ophioglossaceae an a : lops iro 
cell. while in others e.g.. fe 
When there is single apical 
so that new cells are added to 
the root cap from its base. 
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sells by gradual differentiation lose the power, of 

become permanent. Permanent tissue is thus 
cells in which there is no cell division but cells may 
er certain conditions to become meristematic. 


3 of Permanent tissues : 


asm may be present or absent within the cell. 

re living or dead. 

ill is thick or thin. : 

is composed of cellulose or other modified substances. 
en the cells intercellular spaces may be present. 


basis of the type of constituent cells, permanent tissues are 
a) simple, (2) complex and (3) secretory cells and 
Tissues—The sim 
One type of cell. 
collenchyma and sclerenchyma are examples of simple 


ple tissues are homogeneous and 


nd division. Cell walls are 
Sometimes parenchyma 


iyma cel 


lignified 


parenchyma 
h parenchy 


Fig. 5.9 pare š 
1969) cross serio, Cells ín 

? - In fact the 

ende Mich they are in ooo Yhedral 

mà cells have 14 ç; š Ct with 


Ty rays etc; 
© of some esci ma 
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chyma cells having several ‘arms’ or bran 

€ ches are found 
plants with well developed air spaces €.g. species of 
etc. and in the mesophyll of leaves of Canna sp. 


The parenchyma cells in the cortex of stems and mesop 
of leaves contain chloroplasts. Such chloroplast conti 
chyma cells concerned with photosynthesis are called œ 
Within parenchyma cells interceiiular spaces arise eithe 
splitting apart of the middle lamella region between c 
breakdown of the cells. In some parenchyma tissues, 
many aquatic plants, intercellular spaces may be well deve 
form a connected system throughout the entire plant— 
is often called aerenchyma. Formerly it was thought 
with abundant air spaces functioned in aeration nd 1 
buoyancy to aquatic plants. Now-a-days it has been s 
such a system may be looked upon as an efficient 
standing the considerable mechanical stress to which 
aquatic environment may be well subjected. Some pare 
contain leucoplasts. Parenchyma cells also serve to St 
materials in solution in vacuoles, or in the form of solid 
liquid in the cytopiasm. Some specialised parenchym 
which contain oils, tannins, crystals of calcium oxalate ete. | € 
as idioblasts. Idioblastic parenchyma cells differ from theif 
bouring cells in size, contents and function. 


Distribution—Parenchyma is the basic type of tissue comp 
relatively unspecialised cells. Parenchyma cells form the | 
tissue of plants and they make up large portions of various © 
plants. in the stems and roots, parenchyma cells occur in t A 
medullary rays and pith. Epidermis, pericycle of Mp n 
mesophyll tissue of leaves, pulp of fruits, embryo and en SP 
seeds are also made up ot parenchyma. Parenchyma © 
present in association with the conducting elements of thes 
and secondary xylem and phloem. 


rigin—Ihe parenchyma of the primary body develops I 
dtm pite ade protoderm. Farenchyma Me 
vascular elements arises from the procambrum or bape: 5 
The phellogen (cork cambium), in more T n 
secondary growth, also produces parenchyma (the p 


i rt in 
unctions :—(i) Manufacture of food i.e. to take pa E 
rus (ii) Storage of food and water. (iii) En a pe 
water and food matters (e.g. by the parenchyma oan 
phloem). (iv) Protection—by the developmen Ee 
over the epidermis of stems, roots and leata ur. D 
role in wound recovery and regeneration. he 
roots and buds takes place from the cells of t "t 
i 2 Em 
Collenchyma—It is also a primary perman i 
PRU of living, slightly elongated cells which 
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cellulosic walls. Cells of collenchyma are 
ynsiderable degree of plasticity and high percentage 
wre collenchyma cells are less plastic, harder and 
in young collenchyma cells. Like parenchyma, 
may contain chloroplasts. Collenchyma cells also 
Collenchyma cells differ from parenchyma cells 
th valled nature and in being somewhat elongated 
illel to the long axis of the organ in which they occur. 


JNTER-CELLULAR 
| SPACE 


T 0—Different types 
hy Angular in 1, 5 C. Tacollenchyma cells. A—Angular in t 
_ (Adapted from College Botany, ie A 


On the outside 


are Continuous around 
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the entire cell. Collench ma cells 

sclerification is brought abont by conti aaa . s 
apposition of lamellae (Duchaigne, 1958) 1 
be distinguished in the wails of collenchyma cells. 
may or may not contain intercellular spaces. 


Forms of Collenchyma :—On the basis of the thickeni 
of the wall three forms of collenchyma can be pros Í 


(i) Angular collenchyma :—In this t ic 
localised at the corners or angles of the cele D 
compactly and irregularly arranged without any 
spaces. Angular collenchyma is very common t - 
stems of the species of Datura, Dahlia, Vitis, Begonia, Q 


(ii) Lacunate or Tubular collenchyma :—In this type, 
‘spaces are present and thickenings occur mainly on the wal 
the intercellular spaces between the cells. This type is 
lacunar type. This type is noted in the petioles of the 
Malva, Salvia, Asclepias, Althea etc, B 


(Ui) Plate or Lamellar collenchyma :—In this type, 
compactly arranged without intercellular spaces ; thick 
more heavily in various patterns on the tangential 
the radial walls of the cells. Found in stems of the 
Sambucus, Rhamnus etc. 


Distribution :—Collenchyma may occur immediately 
epidermis of the stems of dicotyledonous plants as continuous t 
one to several cell-layers thick or as isolated patches 
hypodermis. It may also occur in the form of a comp ete c 
near the periphery of the stem, Collenchyma cells are p 
petioles and lamina of leaves and the floral stalks. In the 
the root collenchyma cells are sometimes present, e.g. Mom: 


Origin—Collenchyma cells usually originate from the ele 
cells (resembling procambium) which appear in the very early” 
of the differentiation of the meristem. Sometimes less speci 
collenchyma originates from the meristem which give rise to 
tissue i.c. from the ground meristem. Some authors have fep 
the origin of collenchyma jointly with the vascular ti 
the procambium. 


Functions—Collenchyma cells impart mechanical 
plant organs that are undergoing increase in ng | 
function as -supporting tissue in growing organs. They m 
chloroplasts and carry out photosynthesis. 


(c) Selerenchyma e is anote type a) simple 

sue. The cells of this tissue have very ? 
ais with a low percentage of water. The b Pace 
secondary walls ; lumen i.e. cavity of the ie Ey bos 
sclerenchyma cells become dead due 
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i lerenchyma cells 
Sclereach Pee tiffs cci Cen 
cell contents, Eis being lignified and elastic. 

con 


in shape 

cells vary greatly in : pe 
t Many transitional forms occur bu 

i divided into two types, 

d (2) selereids or sclerotic cells. 


long and narrow pro- 

A cells with canered and some- 

shed ends. Hence fibres are many 

than broad. Walls are uniformly 

often ignified ; the pits are 2 

or cee ots ; the cavity po e a 
small i.e. narrow ^W md in cross section. 

ag of the secondary wall ; 


Of septate. In some cases blunt and branched ends 


Simple pits are found over the walls and the 
' ioe ts on 


ack of 


fibres are Classified 
(a) xylary fibres and (b) extraxylary fibres (Esau, 


are narrow highly thi 

ies emm £^ly thickened 
are forms intermediate between librifor 

ir walls are of medium thickness, the pits jn 

S are also Tegarded as 


n called bast fibres, 
Xylem. Occur j 


re ese fibres are 
mmonly as 
cort $i the i 
ascul Pericycle, 
Ves main] T bundle and nb 
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The above classification of fibres into xylary and 
fibres is not always applicable (Fahn, 1967) as there are fibre 
septate fibres. These septate fibres are found in the xy 
phloem even of the same species e.g. in Vitis. S 
characterised by the presence of internal partition walls 
usually of a living protoplast. 


Fig. 5.12—Group of fibres in longitu- Fig, NS Seale 
dinal section having overlapped ends 
and simple pitted thickenings. 
(Adapted from College Botany, 


Ter K. S. Das). septate fibre- 


College Botany, 


i t i echanical i.e. 
:—The function of fibres is m 
ee Fn rigidity. They can also withstand strains 


«erent 1 
i lop from different 1 
—Ontogenetically fibres develop 3 EU 

D amt. cambium, Ero E gine: wr) 
peer A: The fibres formed by the 


i during 
fusiform initials and elongates a little or not at all 


emp, 
and Occurrence—Jute, flax, xe oe 


óbiained. from the sclerenchyma fibres, 
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i leaves 
occur in roots, stems, 
my copi seocktion ` Pta of different Ee nao 
x E in in orphloem as a sheath oe ey 
associated vascul dles, but in many pla 
— pradai T the credam (cortex, pericycle etc). 


Fibres occur si commonly in bundles forming 
strands or c of Bee Fie moy also occur singly as idioblasts. 


i lereids are 
Sclereids tie cells—Sclerotic cells or sc I 
eke: Eae it are isodiametric ie. polyhedral in 
shape and non-prosenchymatous cells, columnar 
or or less profusely branched ie. irregular. 
uch shorter than true fibres in length. 
thick-walled, but the thickness of the 


jm 


m 

not be uniform. The walls of sclereids 
mM numerous pits which are generally simple, 
these pits are often reniform ie. the pit canal is 
branched. Although sclereids are dead cells, pro- 


» may be cutinised 
Or suberised. ids are often called stone cells 
because of their hard walls. 


Distribution t——Sclereids occur abundantly in 
cortex, phloem, pith and mesophyll tissue as idiob- 
lasts or ce ers, in the pericarp of fruits e.g. 


etc. and in the thick testa of the seeds 
in groups. 


a of Sclereids—On the basis of shape si 
M of the cell wall clereid lassified 
inte PR uA ereids are classified 
(a) Brachysclereids or Stone cell Fig. 5.14—Si 
eh ^ + 5.14—Singl 
reids are eed a parenchyma. fen libriform fibre. 
metric, i 


After Eames and 
ne cells, MacDaniel 
they are also Called grit cells o ECT, 


H 


i are rod-shaped elon 
sativum, Phaseop ring in the epidermis of + gated and colum. 


Seed coat of Pisum 
ayer, 


ke or barrel-sh i 
n Ils with swollen -Shaped sclereids 
E. many Xerophytic plants e.g. Hakea sy ps in oe occurs in 
any Ë coats of 
less stag cereis sehen irregularly p 
T stellate sclereids. This 4 Tanched and more or 
ype is found Mainly in 
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leaves and stems of ma i 
ny d r 
Nymphaea, Ti hea, Trochodendron ce oe PAN he 


Fig. 5.16— Different types of sclereids. A—Brachysclereids, 
B—Macrosclereids (m). C —Osteosclereid. D — Astrosclereid. 
( Adapted from College Botany, after K. S, Das). 


. Sclereids sometimes appear as idioblasts, and are found to 
in the intercellular spaces of some aquatic plants e.g. Nymj 
Idioblastic sclereids are greatly variable in shape ; they remain sc 
with thick and lignified walls and perform the mechanical fum 
This type of idioblastic sclereids are also called tri 
trichoblasts or “internal hairs" as lobe-like hairs proj 
intercellular spaces. 1 


Origin—Sclereids develop from parenchyma cells wh 
become distinguishable from adjacent cells by the large size 
nuclei. Subsequently these cells grow very rapidly and are 
into sclereids by secondary thickening of the cell wall. Such se 
wall is very thick and numerous concentric layers and bre 
can be distinguished in it. 


2. CoMPLEx Tissuss—Complex tissues are heterogene 
composed of two or more cell types. NU 

Complex tissues are (a) xylem and (b) phloem which t 
form the vascular bundle. Complex tissues are also called v 
tissues. 


A. Xylem—Xylem is a complex tissue as it consists of eve 
types of cells. It is composed of (a) the conducting or trac 
elements, (b) parenchyma (xylem parenchyma) and (c) fibres 
wood or xylem fibres). Xylem produced by the procambium 
primary body is called the primary xylem. The ayem 
produced as a result of the activity of the vascular pare d 
secondary growth is called the secondary xylem. be i 
of the primary xylem to differentiate and become Brit? i 
as the protoxylem, those which mature later are called mi 


i i i d with the 
ctions :—Xylem tissue is mainly concerne ; 
of e: it has also supporting (mechanical) and storage fi 


n* 
n 
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: clements—These elements are of two types e.g. 
‘and (ii) vessel members. Tracheary elements are non- 
which are mainly concerned with the transport of water 


o a supporting function. 


:—The tracheid is the fundamental or main type of 
the xylem. It is an elongated structure and pointed at 
j rate i.e. the primary wall is always continu- 
it is without protoplast i.e. dead and the cavity 
ge. The walls are hard, lignified with bordered pits, 

y thick but thinner than vessels. The wall thickening 

annular, spiral, transverse bars and reticulate, 

id is more or less angular or polyhedral, 

its round forms occur. When the absorption of end 
| ke place, the end or transverse walls persist and are 
the same way as in lateral walls, the tracheid tissue is 

,Iacheids are connected with other types of cells through 

originate from procambium and vascular 
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Dist b. tion—Tr chei s occu p Ty 

Stribu. Tra d T both In rima: and t 

xylem angiosper. y ne t r 
of g perms, g mnosperms (G tales excep! ion) ' 


Functions—The function i uction | 
and mechanical support. a ae | 


(ii) Vessel members (also known as Trach 

members are perforated at theirends. By the help off these | 
tions vessel members become jointed to form a tube-like si 
cells which is termed a vessel or trachea. The vessel me 
generally perforated on the end walls but sometimes 
may be formed on the side walls. Those parts of the cell 
bear perforations are called perforation plates. These p 
usually terminal in position but may be sub-terminal ¢ 2 
Perforations of vessel members on their walls are of š 
e.g., simple with one pore and multiple with more than one. 
perforation plates, the pores i.e. perforations may occur ina | 
like arrangement (scalariform), in a circular group (foramina 
a net-work manner (reticulate): At first the cylindrical cells 
end to end, when the transverse partition walls or end ¥ 
completely absorbed, the true tubular vessel or trachea re 
the absorption occurs in the end or transverse walls, the 
brought into a definite tube-like system. Cells are thick and 
the protoplasmic contents are lost at maturity, so the 
dead ultimately. 

The lateral secondary walls of vessel members are compose 
lignified cellulose ; they are not uniformly thickened, they have 
same range of pattern as in tracheids e.g. pitted, spiral, 
reticulate or scalariform types. 

Distribution—Occur in the wood (both secondary and 


xylem) of nearly all angiosperms, the exceptions are some mem: 
xe Ran des which have the vessel members composed uet 
entirely of tracheids. Vessels are absent in the wood of I 


gymnosperms and pteridophytes. 
Function—Conduction of water and solutes, and to some 


mechanical support. 


Ontogeny (developmental formation) 4 

i i ic cells, procam! 

r trachea arises from a row of. meristematic cells, 

Ios xylem and e d Tues EE res 
i atic cells are attached end to en i 

Dated ono upon the other like a chain or series of tubes. E 
According to Esau and Ben í 1940) id TOUR ie oti 

i i row! r N : 
the primary walls at the time of the g bof the co as Ma eer 
rations will take place remain 
Liber thick and lignified. At maturity, as the cells grow» 


within each cell undergoes slow disintegration and ` thus cells 


vacuolated. E Ec 
imethe primary end walls where 
eut ik M veal OF the swelling which is due to the d 


of a Vessel : 
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u 

T ndary walls are completely developed 

0 paps ciem pan wall and middle lamella slowly 

»cess is apparently brought about by the protoplast which 
disintegrates. Thus a continuous tube-like structure i.e., the 

or vessel is formed. 


lley ef al (1935) the formation of the perforation in the end 
Jen process and no intermediate stages can be found. . While the 
Hill very thin they contract suddenly—in this way rim or rims around 
are formed. Oftena stretched pectic membrane remains in the 


E 


A-E, Different stages of the ontogeny of a vessel (trachea). 


y essels—Tracheids are more 


rimiti i 
NE d: Rome ee than vessels i.e, trachea. 


«, Cen long vessel, 
it is Considered 


parenchyma—{n Most plants 
e i ; 
aee thick- em is the livin 


Y walled 
im E us dee hick ang ligne re ehyma 
| t simple, Xylem parench b red, 


bor 
g cells yma cells, unli 


ith wt Primar : 
With other elements oq", lem 
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Xylem 


arenc i j - 
ovis RE. hyma is absent in some gymnosperms ( 


Functions—(i) Stora 

7 ge of food and man! 
ergastic matters like crystals, tannins ete. Ñi 
bably also plays an important part in cond 
and (ii) mechanical support to some exten! 


. (c) Xylem fibres or Wood fibers—These 
like elongated dead cells having lignifiec 
Fibres remain associated in xylem 
elements. Two major types of xylem 
recognised e.g. fibre-tracheids and the Í 
fibres. These two types of fibres generally 
intermingled with each other. Fibre-tracheids 
bordered pits with cavities smaller thi 
cavities of tracheids or tracheae. Lib 
are narrow with very thick secondary w 
is simple and has a slit-like aperture 
cell lumen. 


B. Phloem—Like xylem, phloem is 
tissue. The phloem together with the xylem! 
Fig. 5.19—Xylem the conducting system of vascular plants. f 
parenchima sa is composed of sieve elements ( i.e. both siew 
(ippen End Une and sieve tube), companion cells, phloem pare? 

pper) and toms and fibres (known as bast fibres in case of h 
(lower). (After plants) Sclereids may also be found in 
Eames and Mac- tissue. Secretory cells or tissue of vari 
Daniels, 1947). may also be associated with the phloem. 
pteridophytes and many gymnosperms, phloem is composed € 
cells and phloem parenchyma ; in gymnosperms pholem is cor 
of sieve cells, parenchyma and phloem fibres; in n 
ledons it is composed of niey tu =: 
i ledons however, phloem contains a l 
pray phloem develops from procambium. The gee 
is divided into protophloem which develops front e prc 
during an early ontogenetic stage, and the metap en be 
develops from the procambium but at a later ontogen 


i —Si d sieve tubes tog 
a) Sieve elements—Sieve cells an e sit, 
ë u sieve elements. Sieve elements are highly se 

in the phloem, their main characteristics are the pres 


:fied pits) i i he absence of nuc 
areas (modified pits) in their walls and a ens pa cells 


mature protoplasts. s slope 
thin cellulose walls, the protop me 
vip diei thin peripheral layer of cytoplasm which | 

scattered starch grains and a fe 


i) Sieve tube. sie 
ina longitudinal row | e 
like < toa The perforated i.e. pit-like wall areas con 


E EM 
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F 
‘a5 a depression on the end walls of sieve tubes, these 
M sieve areas and that part of the wall bearing such 
"area between one sieve tube member and another 
plate. In surface view, sieve area looks like a 
êr the depressed wall. In most cases ina very 


PRIMARY 
WALL 


Epi 
MIDDLE 
AMELLA. | 


Ú 


and C—S 
1962), urface 


uc strands that 


plasmic stra 
is nds a: 
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have relatively unspecialised sieve areas in their lateral and 
in their terminal walls ; sieve areas are usually provided 
pores and thin connecting strands. Sieve areas of sieve 
similar throughout the element, therefore sieve cells do not 
sieve plates. ç Like sieve tube elements, sieve cells are not 

in sieves. Sieve cells are found to occur in gymnos 
pteridophytes. ; 


. Functions—(i) The main function of sieve tube is 
tion of food matters e.g. carbohydrates, proteins etc. fro! 
different regions of the plant body. (ii) Storage of pre 


Phylogeny of sieve elements—Sieve elements are thought to have 
parenchyma cells that have undergone modifications in connectic 
function. This was followed by the loss of the nucleus. i 
sieve elements and companion cells develop from the same moth 
sieve tube members with oblique end walls having compound p 
probably the most primitive type of sieve element. The specialization of | 
elements also involved the development of thick connecting strands and 
transverse end walls. According to Cheadle and Whitford (1941) a 
(1948) the specialization of the sieve elements in monocotyledons : 
through: (a) gradual localization of specialised sieve areas to 
(b) gradual changes in the position of the end wall from oblique f 
(horizontal) (c) gradual change from compound sieve plates to 
(d) gradual reduction of the sieve areas on the side walls of the 
(1959) has suggested that, in angiosperms, the sieve tube elements h 
a decrease in length during the course of evolution. 


Ontogeny i.e. Origin of the sieve elements : 

Sieve elements originate from the short cylindrical mother cells 
cambium (in case of primary phloem) and the vascular cambium 
secondary phloem). 

Two daughter cells in a vertical row are formed from PEE 
longitudinal division. One of which develops into sieve element ai 
into companion cell in those cases where companion cells occur. 


and then gradually undergoes 
d cytoplasm finally goes towards 


—these carbohydrates are regardec 
slime, are found io Er in the us ube 
lasm takes place as small disc! i t 
eeN in the vacuoles. Sometimes plate-like ee 
may oc peres n (De ORI her, nucleolus is ex! 
i nucleolus within the tube. L her, c tube 
eds before its final disorganisation and remains as such in th 


The cell wall of sieve elements 15 primary, usually thin or someti 
mainly.composed of cellulose. 


ome elongated vertical 


(b). Phloem p gon i ion cells are found lying 


types other than compan phi 
pare pibe called phloem parenchyma. Phloem p 


i lose ; primary p 
ivi ith thin walls made up of cellulose ; | 
Cre ed pu ‘he prre walls ; in inactive phloem the c 


sés 
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ed and lignified. In shape, these cells vary 
g to broadly cylindrical, polyhedral and 
na cells contain various ergastic substances 

esins, mucilage, crystals etc. ; crystal-contain- 
ls may form a sheath around fibres or bundles of 
he secondary phloem. 


n in two fi r 
RT cells are verti orms piz., 
> cells are horizontally AM arranged and 


Thus ar matter, 
© specialised 
nected with the sieve mare d Parenchyma 


ements regard. 
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ing origin, position and function. Companion 

tube and lie side by side with it in the "usia : 
of smaller diameter than sieve elements, they are e| 
abundant granular cytoplasm and prominent nuclei s 
retained all along throughout the life of the cells. Int 
companion cells appear triangular, round or rectangular 
Starch grains are absent. 


Observations with electron microscope show that. 
organelles and membrane systems are present in the cyte 
the companion cells (Esau and Cheadle, 1965). 


Companion cells are present in all angiosperms excep 
primitve dicotyledons, gymnosperms and pteridop 
companion cells function as long as the sieve tube is fune 
gymnosperms and pteridophytes, some parenchyma-like 
connected with the sieve cells by sieve area, these cells; 
albuminous cells and are regarded ““as being similar to the co 
cells in their physiologic relation to the sieve elements” (E 


> There are evidences to support the view “that the compal 
and other nucleate cells probably form with the sieve 
complex functional system for the transport of solu 


1969). 


eee 
i hloem showing sieve tube, compan m 
Fig. 5.23—Structure of phloet showing si section 
arenchyma in long! secti p 
om (right). (After Holman and Robins) — 


d) Phloem fibres or Bast fibres—In come Ee pies 
s fibres may be present in DO ae pci 
ss ally absent In 
phloem ; 


they are gener 
„ pteridophytes and spermatophytes. 


THE TISSUES 271 


a mgated cells with their overlapping inter- 
ciem secondary walls with simple or slightly 

walls are often lignified. In some plants e.g. 
s may be septate. 


of the rotation of cytoplasm in phloem fibres 
(1964) suggest that phloem fibres may con- 

in transport of materials in addition to providing 
Aa 

[ORY CELLS AND TISSUES-—In many plants cells or whole 
fe concerned in the process of secretion or excretion 

ls, gums, resins, mucilage, latex and some other 


ory cells may occur in any part of the plant 
cortex, xylem, phloem etc. as single cells, as small 
a whole tissue. 


retory Structures—Some Secretory structure 

1 S eg. 
nectaries etc. are of epidermal orj in an 

externa]. š ae 
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tion and transmission of stimuli, secreti cilage, d 
water, and the absorption of the produ digesti T 
of Nepenthes Sp. also possesses different types of glands 
cellular ‘alluring’ glands of epidermal origin are prese 
surface of the lid of the pitcher, these glands secrete 
inner surface of the pitcher-wall, towards the base numerou 
glands having the digestive and absorptive functions 
Stalked and sessile glands secreting mucilage and sugar: 
on the outside of the bladder-like traps of Utricularia sp. — 


(ii) Nectaries—These are commonly associated with p 
flower. But so-called ‘extra-floral’ nectaries may occur 
and leaves. Nectaries secrete a sugary fluid called nectar. í 
the tissue lying below the epidermis is associated with the: 
in forming the nectary. The cells of the nectary are u 
cytoplasmic and columnar. Apparently passage of the nec 
exterior may occur by diffusion through the cell walls, thre 
stomata of the epidermis or by rupture of the cuticle. 


(iii) Hydathodes—Hydathodes occur on leaves and are 
associated with the marginal teeth or serrations or the tip. ` 
these hydathodes exudation of water under conditions of 


i -— de of Primula sp. in longitudinal 
He Hw (After Haberlandt). 


96. j 
alled water stomata, water pores or water sian cod : 
hydathode contains a tissue Ces thin ee E 

ith an extensive system Be 
paar. The cells of epithem normally con de 


i i ontact with the 
plasts. The cells of the epithem are in e Bede 


i f 
ents (usually tracheids) o 
ptm pie the numerous eee space 
d finally comes out through the open Ores. 
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ered to be enlarged stomata which serve for 
process known as gutiation. Some hydathodes 
that they have actively water secreting tissue, 
hodes are merely parts of leaves with pathways 
from xylem ends to the leaf surface. In these 


TRACHEIDS 


Fig. 5.26—Hydathode of Lycopersicon leaf i 
Sectional view. ( Adap ed from College My 
Hm Botany, ofter K. S; Das). 


Ting in humid clima 


R tes, e.g. L i 
Species of Tropaeolum, P. Buc Pcüpersicon 


rimula etc. 
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Gi) Laticifers—Probably the most 
secretions is latex, i 
cells or single long 
divided into two main 


Non-articulated laticifers develop from single cells. 
nued growth these cells extend and ramify for long distant 
plant body ; the cells are coenocytic (long tube-like stru cl 
never form a net-work. Non-articulated laticifers may be 
and unbranched, their walls are soft, often thick and cel 
many nuclei. They appear in an irregular ring just belo! 
of the shoot apical meristem and differentiate from cells 
phery of the future cambium. Latex is a white, yellow, sei 
reddish, more or less viscous fluid which consists of an emul 
Suspension of proteins, sugars, gums, alkaloids, enzymes, ru 
substances etc. Non-articulated laticifers are also called ` 
cells or simple laticifers, these are characteristics of many ge 
the families Apocynaceae, Asclepiadaceae, Euphorbiaceae, Ui 
Moraceae etc. s 


Fig. 5.27—Laticifers in sectional view. 
A—Non-articulated Taticifers or laticiferous DN $e s M 
Articulated laticifers or laticiferous vessel ( m S. Das 

i ( Adapted from College Botany, after K. S. 


ici in origin, and cons! 
iculated laticifers are compound in p 
WES “rows of cells. The end walls of such cel 


Euphorbia sp- 


imple or 
i i.e. porous). They may be simp! r 
viral ieri Sanit unite with each ee pus i a 
g og stroctüre containing latex—so by Eie on a n 
wen ins system is built up. Such a ti ue 
doticlferous vessels or compound laticifers. f 
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f cells whose 
latex vessels rmed i eristems from rows o hos 
e septa cR rbed. det laticifers are dise jid 
many onam families eel Papave , 
4 biaceae, Sapotaceae, Musaceae etc. 
Caricaceae, Euphor' 4 


Chart showing different types of tissues 
Tissues 
Í lg 
Meristematic tissue Papin tissue 


l ; 
(a) Simple (b) Complex (c) Secretory cell and tissues 
I 
Parenchyma 


| 
(a) Tracheary (a) Sieve elements 
elements (i) Sieve cells 
I (i) Tracheids a Sieve tubes idi 
ii) Vessel mem- (| ompanion ci 
p iis e (Tracheac) (c) Phloem parenchyma 


(b) Xylem paren- (d) Phloem or bast fibres 
chyma 


y 
(c) Xylem or 
wood fibres 


| | 
External Secretory structures Internal Secretory 
(i) Glandular trichomes Structures 
(ii) Nectaries 


(i) Glands and ducts 
Gii) Hydathodes ii) Laticifers 
T (a) Latex cells 
) Latex vessels 
5.8 Mechanical Tissues and their Distribution in Plant Bodies ; 
I ical or Supporting tissues are the tissues provid; 
nical strength or su + 


‘ Pport to various lant organs which 
to different types of stra; p Ë i 


ái The development 


Eblant of such mechan 
nt organs i 
x Stability of plants like t 


) mechanical s Tains a tre 
ed under different environmenta Conditions The 
« s d longitudina] Compression due t Y Weight 
erg wi san the branci €s to withstand transverse stre : 
q eaves, flowe: and fruits The ro Prt 
longitud Compression due to Io i 
* pan ri ad o aeria 


n D » and also a 
l B medium jo soil 
i e shearing stresse: inst high The 
n" y fiom these facts, it is evident oF eae un 
f Wechanica] nd A. tissues and their distributi 

: ? stand vario Strains and stres: 
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. Types of mechanical tissues—G i 
tissues composed of cells with thicken d A w 
Sclerenchyma are thick-walled tissues which a: 
specialised With reference to support i.e they s y 
supporting tissues. Sclereids with lignified walls, aa sc 
fibres with lignified walls and interlocked ends are the m 
tant of all mechanical tissues, Collenchyma cells with 
thickened cellulose walls also perform the function of 
tissue for their remarkable tensile strength. Tracheids an 
of xylem, in addition to their normal function like cond 
water and solutes, also impart mechanical support d 
possession of their lignified walls. All these tissues giving 
strength had been placed by some earlier workers under 
system known as stereome. 


_ Principles governing the distribution of mechanical 
principle of distribution of mechanical tissues is more or 
to the practice followed by engineers i.e. to secure maxim 
with minimum expenditure of materials as in the case í 
construction of bridge and house. Generally there are four me 
principles governing the distribution of mechanical tissues, thes 


(i) INFLEXIBILITY—Aerial cylindrical plant parts like | 
are subjected to bending stress or flexion i.e. swayed 
in different directions due to air current. lfa stem is be 
side, the convex side is le 
i.e., remain in tension il 
concave side is shortened i.e. b 
compressed. So in order 
this stress in different d 
mechanical tissues are 
near the periphery in a 
the form of girders as in 
engineers architecture. A 
girder looks like ‘I’ in cros: 

Fig. TES OCA Ne Eee and consists of two flanges (top 
showing s! e girder H conne 

of girders (B) in cross-section. m poro) aaa I 
correspond to the patches of mechanical tissues and the web 
parenchyma tissue. 

(ii) INEXTENSIBILIT 
exerted by the des ste 
roots and other attaching orga 5 
tissues are situated in the form of a compact mas i 
region forming a strand. Of course the degres, e echan i 
proportional to the cross sectional area of the 2 


i itudinal con 

si?) INCOMPRESSIBILITY— Resistance to longi 
due K the heavy neea or branches pe : heus 8 i top 
and also to a radial pressure Ve. à ing 
seated by the surrounding ‘medium as noted in unde 


y—Resistance to longitudinal tension 
m—this type of resistance is n 
ns of plants. Here the mee 
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Against longitudinal compression, mechani- 
ributed at the central portion forming a solid 
ast radial pressure they are arranged at the 


u^ 1 
) STRESSES—This is seen in flat organs like leaves 
to shearing stress due to air and water current. 


is a mechanical force which is responsible for the 
displacement of plant organs like leaves mainly. 

f mechanical tissues in different plant organs : 

| organs like stems, etc. mechanical tissues 

* distributed in typical dicots (e.g. sunflower) 


(2) in the sclerenchymatous pericycle above each 
* forming I-girders whose webs are served by large 


ascular tissu 
es. 
atches of collen- 


nd inh 
> hollow cylinder 


e sclerified 


issue— peg; Par enchyma 
ar 


bundles, Semi 
Sides of v 
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sclerenchymatous cylinder in i i 
the function of mechanika tapas. Bx s 

_ (b) In bilaterally symmetrical or, i „m 
tissues are arranged in the form of lucie pci S ne 
and at right angles to the epidermis for securing inflexibility. 
of Cyperaceae and Gramineae have got sub-epidermal 
extending from one surface to another, (Fig. 5.31A), t 
being composed of sclerenchyma or collenchyma while, the w 


Fig. 5.30—Diagram showing Fig. 5.31 A— B, Diagrammatic represt 

the distribution of mechanical of mechanical tissues in leaves (in tri 
tissues in a dicot root. section). (Adapted from College B 
after K. S. Das). 


composed either of vascular bundle or of bundle and asst 
parenchyma. In some cases, e.g. Zea mays, patches of sub-epid 
mechanical tissues occur at the upper surface to prevent te 
and several small I-girders occur on the lower surface side by: 
withstand compression (Fig. 5.31 B). 


(c) In inextensible organs like roots and other 
organs e.g. rhizomes etc, vascular bundles and the 
mechanical tissues are aggregated at the central region fi ; 
solid central column which seemto be effective a 
longitudinal tension due to the bending of the stem. 
root thickening of endodermal walls, lignified xylem etc. 
requisite mechanical strength. In roots of Zea Hees = 
additional fibrous cylinder develops in the cortical regi 
mechanical tissues. In rhizome, mechanical uni a 
the form of centrally situated hollow or solid strand. 


i 7 i f spreadin, 

The incompressible organs like the axes o ui 
aa to longitudinal compression cio a E ned 

i e distributed at the central | 

iol or crusning pressure, as pote in undergrad "t 

is avoided in many plants 1 o 

Sabe ‘of suberised cells (e.g. roots of grass), one i 
with outer cortical cells (e.g. roots of Alisma, Sag Le 


È k: 279 


ened f many members of the family 
ctive ES. ihe nte of orchid roots also 
strength to withstand radial pressure and 


stand against this stress, parallely 
leaves x securing Ehfexibility are further held 
cross-ties in the form of veins forming net- 
ptation against shearing stresses due to air and 
monocot leaves with parallel venation have more 
er arrangement than dicot leaves. The margins 
generally protected from this stress by the 
ed collenchyma in the sub-epidermal region 


SELECTED QUESTIONS 


ristems ? How are they classified ? Describe them briefly, 
5.3 and 5.4, 


m? Describe the structure and function of different kinds 
found in a dicotyledonous plants. 


ticles 5.3 and 5.4 
Y ı according to their position in th 


risten I f i e plant body, Write 
ie each nad with respect to their structure, function and 


5.4 (B) 


rr dm ui structural development and differentiation 


>, 


? Describe important tissues of ivi 
a stem giving thei i 
51,52 (Ist para), 5.3 and 5.7 giving their functions, 


ted account of vari ical ti ^ 
: a different Tey aay Mechanical tissues and give their 
8 


on:— 
‘ler article 5.3 


hyma- Refer article 5.7, 
Refer artich. e x (b), page 256 


Page 269 
5 g 


» page 274 
5 (c) 
ge 266 


CHAPTER Vr Tissue System 


6.1 Combination of o i 

. : ne or 

ry siological funct eof aap 
Plant body is known as Tissue syst 

) em, 
tionally Organised into a unit. A š 


tissues in the plant body, viz, (a) the epidermal 


2 On the basis of Physiological funct 
Physiological Plant Anatomy” 


are grouped into three tissue Systems, e.g. (a) epidermal tis: 
which includes the outer covering of the plant body in prima 
i.e. epidermis, ( b) fundamental or ground tissue system which 
tissues forming the ground substance of the plant body i.e., 


The origin of different tissue systems and their relations 1 
apical meristems and primary permanent tissues are sho 
follows :— 

Primary apical Primary permanent Tissue 
meristems tissues 


— Protoderm ——-Epidermis 


Cortex i } 
ristem—|—Fundamental-Pericycle 
pape or Ground Medullary rays | 
Primordial meristem ith 
i Stele i 
meristem Š 


= x 
—Procarabium— Vascular bundles | E tissue 


6.3 Epidermal Tissue System: This tissue d f 
the epidermis and its associated structures. Epi i i 
yutermost layer or layers of cells on all plant p. 
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forms a continuous layer or layers except 

la or lenticel openings. 

of stem, leaves and floral parts originates from the 
dot apical meristem (protoderm) and that of the root 

ym a layer of cells in the root apical meristem which is 


‘cap. Sometimes, in different plants, the epidermis 
on origin with the cortex or with the root cap. 


š l usually consists of only one layer of cells in 
But in some cases, cells of this layer may divide further 
rise toa pape structure—such a structure 

or e epidermis. Multiple epidermis is 
ve orit (Moraceae), Nerium sp. (Apocynaceae), 


‘Cork Cell 
ca Cell v 


‘ary (1877), 
Bi, ) the cells 


of the inn 
oie Tmost layer of the 


Water-storing tissue 
are tubular 
e T Oval a 
: np ny intercej] lar eet 
plete to f ion of x shoot 
art: i 
ted and Parall P : e qu petioles e 
9 longi 
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terials called cork cells or suberous 
leaves of grasses anot 
enlarged, thin-walled and 
vacuolated cells Occur | 
epidermis between the vein 
the longer cells—these ar 
as bulliform cells or mote 
Which are helpful in (a) 1 
of developing leaves, (b) 
Scopic movements of m 
: leaves and (c) in storing 
forming water storage tiss 
à some members of Crucifer 
By eas meee ee of the epidermal cells be 
. 0.3— 1. s. SS leat showin st 
bulliform cells [d ones) in whe ee any sao i 1 
upper epidermis. UE they Bre nown è 
: cells which contain the í 
myrosin. Sometimes epidermal cells are made up of sclereid 
epidermal cells of Pisum seed coat. Some epidermal cells may 
contain crystals, e.g. the lithocysts in which cystoliths are fo 
the epidermis of Ficus sp. 


In many grasses, the specialised cells in the root epidermis ` 
give rise to root hairs ie. trichoblasts are distinguishable fi om 
adjacent epidermal cells by their dense cytoplasm and other fe it 


Epidermal cells are living, the cells have a central va 
peripneral protoplast; cell may contain various products 
metabolism like mucilage, tannins and crystals of various 
Leucoplastids are generally present, chloroplastids are pres 
in guard cells of stomata and in the epidermal cells of some 
phytes. The cell sap contains anthocyanin. pigments, e.g. p 
flowers. 


The epidermal cell walls vary in thickness either in different p 
parts foem different plants ; some cells are thin-walled "i 
celis have thick outer walls. Primary pit fields are on ë 
the walls, specially on the radial and inner walls of the ë 
cells. In the outer epidermal wall of many leaves, eg. oe 
mum, Antirrhinum, Helxine, Allium etc. plasmo e a i 
such plasmodesmata of leaves are called. ede M 
exposed walls of the epidermal cells of aerial plaut pes Eee 
to the deposition of a RS swe called eue STR 
remains deposited in the inter 1 o 
m d outermost cell wall layer, and thus yc. pe : 
called cuticle. The cuticle layer consists ol s on pa 
lamellae contain cellulose and  pectin !n 
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in the form of granules or as continuous layer 
the surface of the cuticle. The surface of the 
“smooth, rough, ridged or furrowed. Uniformly 
i ris is seen in the leaves of conifers, here the cells 
and the lumens of the cells are practically obliterated. 
non-cuticled epidermal cells are seen in non-aerial 
T and in submerged aquatic plants—such thin- 
T oou developing from the root apical meristem 
root cap (not from protoderm as in case of stem) is 
or piliferous layer. Lignification i.e., deposition of 
mal cell walls is also noted in some grass leaves 
Quercus, Nerium etc. 
may persist throughout the life of the plant or in 
|o secondary growth, it may be sloughed off along 
tissues after the formation of the periderm. 
mainly a protective tissue, it protects the internal 
nanical injury and checks excessive loss of water 
On; secondarily epidermis serves in water storage, 
on (epiblema of root) and photosynthesis in some 


OPENINGS : 
The continuity of the epidermis is interrupted by 


»penings ed stomata (singular : stoma). Stomata 


n aeri D 
on aerial plant parts, Specially on leaves 


EPIDERMAL 
CELLS 


* STOMATAL 
APERTURE 


CHLOROPLASTS 
NUCLEUS 


Fig. 6:4—Somata ; 
a in i 
: from College Botany, after É, ( (Adapted 
je. š - S. Das), 
Niente Pn eset 
lt shaped cells a IcOts, th 
nd are attached to „Sard cell 
A ed to each S are 
Other by th 
c 
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‘Curved ends of th 
monocots the 
‘and 


eir concave sides leavin 


guard cells are dumbbell 
narrow pore, The gu 


OUTER {LENGE 


£ a slit-like o 
"Shaped ha 
ard cells Contain distinct 
chloroplasts, c "n: 
and 


b Y chamber 
N SUB -STOMATAL x if fi 
N CHAMBER OO: ' 


Stomata occur: 
on leaves; in la 
they are conf 

lower surface 
Fig. 6.5—Stomata in sectional view, (Adapted leaves Mi bot 
from College Botany,after K. S. Das). are prese 


fa 
plants Stomata are confined to the upper 
Stomata are sunken i.e. developing below 

cells i.e, Bymnosperms, Nerium Sp. (Apocynaceae) etc. 


In many xerophytes some of the epidermal cells with 
ing stomata lie deep in the concavity forming a socket-like " 
SO that the stomata are sunken fe. within the epidermal ° 
Which prevents too much loss of water by transpiration ; 
leaf of Nerium sp., Dasylirion serratifolium (Liliaceae) ete. 


and thicker on the 
extensible. The thic 
Outer Jaye which E 
‘stomatal chamber. hei in di 
The thickness of the cell walls of guard cells aT ae € 
types. In Grass type (noted in Graminae an ions with thickened out 
dumbell-shaped (Fig. 6.6) having narrow middle ith subsidiary cells, one 
inner walls; the guard cells are associated dicotyledons and mon 

long side. I Amaryllis type, found: m Lacs poate: thick isa Js 

t 1 cells aro ; 

eae ‘ape found I bryophytes ad pletlontiesm en 
cells is thinner than dorsal wall. 


and CI 
A ing i.e. subsidiary cells, Metcalfe 
On the basis of neighbouring ICD PIA -V 
have classifich ‘our stomatal types among dicotyledons, 


su 

Type A. Anomocytic or Meere. m us red. bed i 
bsent ; each stóma is irregulary eit ardent ie This roe alt no 
don differ in size and shape ux e pa cale 

as Ranunculus typé as seen in mem aceae, 


Type B.  Anisocy t or unequal-celled type -Here each stoma is su 
ypeB. An 


i ller or larger than 
i being considerably sma M 
og E peti red n Heer of Cruciferae and thus known as 
two. 
type, ` 


Be ORR 
.. TISSUE SYSTEM 


i nied on 
h stoma is accompa a 
(often aaa cello the Eengiosinst kein of 
É cells and pore. This type is also 
cp Rubiaceae. 


c Es! p 


Fig. 6.7—Different stomatal types in dicots, 

A—Anomocytic type, ‘B—Anisocytic type. 
Paracytic type. D—Diacytic type. 
(After Metcalfe and Chalk, 1950), 


tae membe of the family 
Khush (1961) have classi 


lassified the stomatal complex of monocoty- 
O 8 types (Fig, 6.8) :— 


guard cells are Surrounded by 4-6 Subsidiary cells, 
of Araceae, Musaceae, Cannace: 


ae, Zingiberaceae 


by 4-6 subsidiary cells of which 
uated at the ends of guard cells, 

andanaceae and Cyclanthaceae, 

1 laterally by2 subsidiary cells, 

es of Alismaceae, Cyperaceae, 

JPe guard cells are not Surrounded by any subsidi 

d Sj o Orchidaceae, maryllidaceae, Iria 


Iridaceae, 
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(b) Perigenous 

the guard cells, eet the subsidiary cell 

I cells, instead subsidi s do not bave 
ameristemoid that divides to AR M by cue DNE 


Fig. 6.8-—Different stomatal types in monocots. E 
A—Type 1 (Commelina type). B—Type 2 (Pandanus 
D—Type 4 (Iris type). 


C—Type 3 (Alisma type). 
After ‘Stebbins and Khush, 1961. 


(c) Mesoperizenous —In this type, at least one 
common origin with the guard cells, but others do not 
nd closing of stomata are mainly reg 
the turgor pressure o the guard cells. 
guard cells results in the widenin 
i the thinner walls are strete! nan t 
d by the swelling of 


in 
the guard cell. In grass type; 

rd cells (for detail refer Studies in Botany, volume 2, article 6.4 © 
Plant Physiology section). 

Stomata are very important organs from the physiological 
view. The opening and closing of stomata regulate the gaseous ieroba aa 

interior tissues and outer surrounding atmosphere. Escape 
during transpiration also takes place through stomatal 
r The stomata originate from the protod 
unequally into two cel .—of these two cells, the sm; 
cell or the precursor of the guard 4 
ultant cells take the cl 
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pansion. ccumulation and swelling of intercellular 
: the se EM connection between the cells becomes weak 
' A ia split in their median parts resulting in the formation 
orpore. Development of subsidiary cells takes place from 
ving close to stoma mother cell. In gymnosperms subsidiary cells 
be related to guard cells in their origin. 


r stomata—Refer article 5.7, 3 (iii), page 272. 


E OUTGROWTHS— Epidermal cells give rise to various 
icellular and unicellular appendages or outgrowths 
Shape, size and function—all these are designated by 

ome. Trichomes include glandular or nonglandular 
papillae, absorbing root hairs etc. Other structures 


spines etc. which consist of epidermal as well as 
mal tissues are called emergences. 


multicellular, 
nonglandular, branched or simple i.e. unbranched. 


° formed on all parts of the plant including stamens e.g. 
sp. and seeds e.g. Gossypium sp. In Gossypium sp. the 
commercial purpose constitute epidermal hairs which 

[ Stem hairs are multicellular, branched 
ed and either glandular or nonglandular. Glandular 


' (a) basal part embed 
known as foot and (b) projected part known AE 
8le row of cells or of 


ad base and a capill -li ; 
herical knob-like tip, aao upper part which is 


or Peltate hairs —These 


i Scoid plate Thee 
Sessile, they are termed scales ¢ when sen 
Occur in Olea sp nam 


ystallinum (Aizoacez 1 
also known as Sue M iN nonglandular 
glands of insect; à 

$ (Fahn, 196 ule Plants are also a type of 
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6. Shagg ; 
y hairs—Th 
two or more : ese are nongland 
P contiguous rows nglandular hairs eo 
ortulacca sp. and some spaces of CURRERE te 
e. 


Fig. 6.9 


A—Unicellular simple hair. 
C-—Tufted hairs. D—Stellate hairs. 

multicellular hair. G—Peltate sc 

bladder. 1—Stinging hair of Urtica sp- 


. Root hairs—These are 
epidermal cells. Root hairs 
from most or all of the epiderm: 
structures, their walls are thin. 
hairs is to absorbe water and min 
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ial or Ground Tissue System : 

extends just beneath the epidermis upto 
region) Ems includes all the Eure excepi 
id vascular tissues of vascular bundles. In cylin den 
ems and roots), the vascular bundles are de in 
ing a central cylinder called stele. The groun ewe 
the stele is called extrastelar ground tissue or cortex an 
within the stele is called intrastelar ground tissue com- 
°, medullary rays and pith. 


rtion of the axis which surrounds the stele 
era by an endodermis or starch sheath. 
term cortex is applied to the primary cells of the extra- 
tissue i.e. primary cortex ; sometimes cells of secondary 
‘primary cortex from the cortical cells are added 
ry cortex. In thickness cortex varies from few to 
- Cortex is mainly composed of parenchyma cells, 
chloroplasts and prominent intercellular spaces. 
ishomogeneous, ie. consists of parenchyma cells 
Xis either homogeneous or heterogeneous where 
dicots) or sclerenchyma occur either in strands or in 
Slayer towards the periphery beneath the epidermis as 
I protecting tissues—this layer is known as hypodermis. 
-wall a mays ), sclerenchyma (in 
also occur as hypodermis in stems. In the stem 
of secretory and storage cells, fibres, sclereids 


x or closely arranged without 
plan of arrangement. The cortex of the r 


and gymnosperms consists mainl 


In roots exodermis occurs b 
eneath the 
al layer of the cortex. In thickness, th 


ET Single cell any cell layers, Therefore 


) I Like endodermis 1 

` provided With Casparian strips but frequently the 
Tised. Cells of exodermis are either 

ie UR or of one type only, 

n of the cortex js rotecti 

€ function of Storage, photosyntherye 

5—In stems and roots, i i 

ay aly Characteristics, "E nebat Aud 

i sheath around Vascular repi 

mes and MacDaniely (1947) endog i St» a. 


epidermis as 


MES 
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uniseriate sheet of cells separating the stele from the cortex, 
intercellular spaces and with structural features unlike those c 
cells,” Endodermal cells are elongated with their long axis paral 
the vascular tissue. In transverse section, cells are elliptical or 
Protoplasts of cells are like those of parenchyma cells. In ro 
cells of the innermost layer of the cortex are provided with chara 
istic bands or strips on the radial and transverse walls. Suchi 
teristic bands or strips are called Casparian strips or Caspa, 
after the name of the discoverer R. Caspary. Casparian 
bands are band-like walls that develop within the primary 
£ are composed of ligni 
suberin. Morphologically, 
an innermost ci 
having Casparian 
Casparian bands sho 
termed as endodermis. M 
therefore, true endod 
present. In stems o 
and angiosperms, Si 
rian strips are absent 
of the innermost layi 
cortex and thus m 
cally true endi 
ing; in those ste 


grains and are hi 
as starch sheath 
of endodermis. In 
near absorbing 
rian strip a 
around the sb 
radial and transverse WE d 
i — dermis. A—An endo- ss-section the strips are 
"e e pouce Casparian strip. C lle d Casparian dots. 
Seed deris in t. s. | C—Thick- ca Co ir NE only. 
alled endodermis in Zea mays witha rian strip Es 
AMO cell. (Adapted from College thickening D 
p: Botany, after K. S. Das). prima g sul x. 
endodermis is otherwise called primary endodermis, 4 
of pteridophytes and dicotyledons. 


ick-walled end 
her type called secondary or ue be e 


re is anot h | 
In di tipo endodermal cells often develop thi e uel 


ickening i sometimes it is either 
tee verba SB. sometimes formatio" e secon 
delayed in endodermal cells opposte Lue y 
jsolated cells are called passage 
monocot roots. 


eru, 
rmis always remains in Clos ex 
M ure lies just outside the pericycle 


iation with 
ociation WI 
re Sometimes 


Primary fibres (when the 


291 
TISSUE SYSTEM 


eododermis occurs and which separates the stele from the 

ndodermis. 
is actually a part of the o 
taper endodermis uter € 


fonctions it i tective layer, 
is are : (1) it is a protecti i 
B E E (3) it acts as pir fam dores 
A, oder rr conducting cells Sis Hon Drag ate 
is also functions as v 
EDI opimis aid surrounding tissues. 


i tele. 
PericycLe—It i f the ground tissue of the s 
- EE: ven tto Nadedermis pe Tein E 
there! imiting layer of a stele. Pericycle i Š 
universally s ondea of pteridophytes, generally absent 
oo i thickness pericycle varies from one (common 
? layers (Smilax roots) and consists of parenchyma or 
B or of protoxylem elements. Pericycle may contain 


i , laticiferous cells, canals etc. The 
iia d poris cis k Eu ia meristem like that of vascular 
tissues. 


In stems of angiosperms and e. 
, true  pericycle is 
according to recent views. 
So-called pericycle is either 


Pericycle 


Origin of such peripheral tissues 
outside the vascular cylinder is like 
that ie. from the same 

as the phloem) or perivas- 
cular when they arise outside 
the phloem but inside of the starch 

In case of the combination 
kinds of fibres, the term 
extraxylary fibres may be 
(Esau, 1962). So the peri- 
the stems of seed Plants is 
the phloem Part where sieve 
are Ban Origin Phloem Ņ 
Toots takes place from the xylem 
Pericycle, The function of Peticycle Fig $-11—Multiseriate peric cl 
celis in t is storage of food ^ in Smilax root. €—endodermi 
‘materials, (provided with thick Secondary 
D. Pru js Wall). After Esau, 

d YT € gn i i 

enclosed by the v ground tissue 


ascular tissues. Pith is l centre and 
parenchyma, the cells are either loose] y composed of 


X Y arranged 
cylindrica f 8 or in 


sË 


Hu 


il 


e destruction , 
Pi uring growth. ° ion of 
Contain dense cytoplasm and Sometimes 
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the rest forming a distinct peri 
Peripheral zone, this i 1 
menulio zone or medullary sheath. Function ‘of pith is to $ 
en a sometimes mechanical. Pith is often absent or 
in dicot roots. 1 ith i nt 
uice n monocot roots pith is pre 


E. MEDULLARY RAYS— This is the tissue regio i 
vascular bundles and thus Occupying the isteri la re] 
Cells of medullary rays are elongated, they often estab 
connecting link between the cells or the cortex and the 
origin of medullary rays takes place from early meristem. 
time of secondary growth they become meristematic part 
produce secondary tissues. 


F. GROUND TISSUES OF LEAVES—In leaves, ground tissue is; 
mesophyll tissue which is composed of thin-walled parene 
cells with chloroplasts. The mesophyll may be homoge 
heterogeneous i.e. differentiated into palisade parenchyma 
spongy parenchyma. Cells of palisade parenchyma are el 
packed and vertically elongated, while cells of spongy parenc 
irregular, loosely arranged and of various shapes. When 
of mesophyll cells are seen in leaves, the leaves are ci 
ventral or bifacial. In another type, otherwise known as 
or isolateralleaves, the mesophyll tissue is composed of 
parenchyma cells—either spongy or palisade type. 


The function of mesophyll tissue is photosynthetic. 


6.5 Vascular Tissue System : 

This tissue system is composed of conducting tissues 
and phloem of vascular bundles. Vascular tissues in st 
roots appear as cylinder between Cortex and the pith. 
vascular tissues run parallel with the leaf surface and the 
ponding veins form vascular bundles. Each bundle is con 
two complex tissues like xylem and phloem with or without ' 
(as in stems), or of xylem and phloem tissues only, as in £ yt. 
leaves. Vascular bundle elements are derived from procamous 


the apical meristem. e 
ements of vascular bundles are (a) primary xy! 
(b) poe phloem or bast and (c) cambium when present. 


i basic cell ty| 
. Primary XyLEM—It contains the same 
AE xylem ie., tracheids, trachex oF vessel aa 
arenchyma cells. Developmentally primary xy. eme ii 
aned protoxylem and er on Fe wild 
differentiates in the parts of primi uw 
i nd thus protoxylem is subjecte 
Pont subjected EEA as it matures after the growth or 
tion of the primary 


body is completed. : or 
The protoxylem contains usually tracheids, vessels and 
ma cells; fibres are absent. 


Cells and elements of protox, 
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slender bodies ulose cell walls. Annular and spiral type 
of thickening Pog gees formation of secondary wall is the charac- 
fasie of protoxylem. Sometimes scalariform thickening may also 
Scr In many monocot stems, non-functioning stretched proto- 
Glements are collapsed and are then occupied by open canals— 
the so-called profoxylem lacunae, surrounded by parenchyma cells 
eg maize (Zea mays). 


fuer by the determination of the position of the first-formed xylem or by 
‘The position of protoxylem in relation to metaxylem, primary xylem types may be : 


1 Peterch—When xylem develops centrifugally and the direction of 
geotexytem it towards the centre and that of metaxylem towards the circumference 
of the axis. This type is seen in stems of seed plants. 

qm 


When xylem develops centripetally and the direction of proto- 


Exarch—' 
is towards the circumference and metaxylem towards the centre of th is; 
Er is seen in roots of seed plants. B a ri 


m When maturation of cells in xylem starts in the centre and then 
" centrifugally and centripetally—here protoxylem is either surround- 
metaxylem or flanked on two sides ; seen in leaves of seed plants and some 


Metaxylem is more com 
1 plex than the protox i " 
posed of fibres, tracheids, vessels and parenc De dud com 


The main i 
Retin ow ad I, vesss ani acess in the 
they also perform mechani salts from roots to the leaves ; 


wide as Dericyclic ar ; 
yaq eleme fi bres, Meta © obliterated an 


yma » Companion oem consists ‘ 
absent, Cells that become Ses (onl in re much more 
med later; fibres PETS) and 
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Generally phloem occurs on the outer side of t i 

les of stems and on the inner side in vascular undies of esi NND [ 
called external With reference to xylem. Sometimes phloem occurs on | 
side ofthe primary xylem relative to the axis of the plant—this p 
called internal phloem as seen in Cucurbita stem. Sometimes phlo 
as independent Strands near the pith. Small amount of secondary phlo er 
e.g. isolated Sieve tubes are found embedded in secondary wood or 
such phloem is known as interxylary or included phloem. The formali 
interxylary phloem is the result of activity of small groups of c 
temporary period, examples are species of Combretum, Strychnos ete. 


€ CAMBIUM— Cambium comprises the meristematic 
procambium. In gymnosperms and dicotyledons, some of the ce 
procambium remain meristematic and form thin-walled rectal 
cells between xylem and phloem—this is called cambium. 
have vacuolated protoplast and thin cell wall, they divide pe 
and produce secondary tissues. Cambium is a lateral 
occurring parallel to the axis. Vascular cambium is composed. 
types ot cells, e.g. (1) fusiform initials and (2) ray ü 
fusiform initial, cells are spindle-shaped i.e. elongated with 
ends ; the cells of ray initials are more orless isodiamet 
detail refer article 8.7). 


D. TRANSFUSION TISSUE—In leaves of Pinussp. ( gym 
vascular tissue is associated with a peculiar type of conduct 
known as transfusion tissue. This tissue is mainly co 
short non-living tracheids and living parenchyma cells. 
which occur next to the vascular bundle are moree 
those occurring further away from the bundle have f 
parenchyma cells. The walls of tracheids are thin (tho 
with secondary thickenings), slightly lignified and with bor 
Protoplast is absent in the cells. Transfusion tissue OCCU a 
to xylem at the sides of vascular bundle and may suro 
bundle partly or entirely. Albuminous cells having dense G 
also occur next to the phloem within transfusion a 
tion of this tissue is still uncertain —probably it bec 
translocation of water and food materials between 


bundles and mesophyll cells. 


6.6 Vascular Bundles—its Origin and Types : 

Vascular bundles are strand-like portions of the vasea 

of a plant, and consist of vascular tissues i» n bs 

These bundles form the conducting and part " S a 

systems of pteridophytes and seed plants an pus 4 

gymnosperms). They occur in roots, stems, leaves a WEIS. 
re formed from the procambium § 


igin—The vascular bundles a 1 om the Dre andelong: 
risas meristems which are groups of differentiated ender ter by long 


i bium strands increase in CI 
pine Dra he ce We Py addition of new cells on their edges 


cells 
em on the outer border cells. The first-maturing 


i rder 
i m cells, towards the inner bor E 
in nto Manon stems the middle layer of t 


iti the fa 
dividing condition i 


division of the ce 
adjacent promerist 
strand gre Sonore 

Ils soon follow. ! J 
Temaine in the meristematic or 


giving rise to 


ot." eS 
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i lls of the 
vascular bundle, therefore, remains open. The first cel ° 
o are irt n— xylem eoa e Wy ne proton 
protoxylem taxylem and me n l 
- of E und phloem remain, the former consists of pitted 
emae 
E rer 


vessels and tracheids. 


Types—It has been noted that the vascular tissues i.e. xylem and 


Lagen associated together forming vascular bundle. 


According 


Ae d 
Eames MacDaniels (1947) such association of xylem an 
phloem orem general types, viz. (a) those in which xylem 
and occur radially side by side, (b) those in which one type 
of surrounds the other and (c) those in which two types of 
Moes are separated from each other. According to the position of 
phloem and xylem strands, protoxylem and metaxylem in respect 
1o Other regional tissues of the axis, vascular bundles are of four 


types as follows : 


nosperms, phloem and xylem lie radially in the 
same strand side by side—the 


the pith. It is again 
Of two types, such as— 


fa) Open collateral—In 


this type, in between phloem 


and xylem strands lies a strip 
combine! meristem called 


pen collateral 

Ren fond in stems of 
perms. and gymnos- 
(b) a Clored collateral —This 


the characteristic of 
OnOUS stems, It 


from the abo 5 
absence of cambium OP in 


Y surrounded fien 


9 Amphicribral op 


Bi ° 
(outer and inner ALI this type, ther 
are 


* presence o; 


iCENTRIC~ abated 
Surrounds "ee ae ge phlo 
another trou” type 


Hadrocentri 


Outer cambium 


ZCO 
VAA 


Inger 


Inner cambium 


phloem 
Phloem 
ARR 
EN / BOD ois 
- 4 
Fig. 6.12—Dia rammati 
of the various otic 


closed, C- Bicollateral — Collateral 
centric. E~Leptocentric, F—R mito. 

€ are two strand 

ylem Strand ; th, s of phloem 


tral xylem strand by i two phloem 


two strips of 
8. stems of the 
ascular bundles 


: um, e. 
Icollateral y 
f cambium. 


em pe ends the xylem or 

of v. i i 

type. It S of two types tissue : 
C—' 

When phloem Surrounds 
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the xylem, e.g. stems of 
€tc.; also found to oc 
dicotyledons, 


pteridophytes like Lyco, Sei 
cur in some leaves, flowers and | 


(b) Amphivasal or Leptocentric—When xylem surrounds 
e.g. some monocotyledonous stems like Dracaena, Yue 
also medullary bundles in case of dicotyledons, 


Concentric bundles are always closed. 


non-conducting tissue. Radial vascular bundles are the chara 
of roots. 


The term ‘conjoint’ for collateral, bicollateral and co 
types was used by earlier workers, but that term has bet 
abandoned, : 

The elements present in the vascular bundles are meai 
for the conduction of food and water to various organs of 
secondarily they function as mechanical support. | 


Chart showing different types of vascular bundles 


| | 
Colla i Bicollateral Concentric 
| (always open) (always closed) 
I l e.g. in stems of 
Open Closed Cucurbitaceae Ie 
e.g. in stems e.g in (dicot) ^ Amphicribral 7 
of dicots and stems of or Hadrocentric 


'mnosperms monocots e.g. in stems of 
- p pteridophytes ; also 


smaller bundles of 
some leaves, flowers 
and fruits of dicots. 


dicots. 


6.7 Vascular Skeleton : 


i i form a definite vase 
The primary vascular tissues of a plant fc 3 
skeleton (Fig. 613) which may be compared with ae e ) 
animal. The vascular tissues forming vascular skele v oa 
system is continuous in the a aie ang 7000 u ° ee 
i l endages i.e. branches and | . M S 
i nier in. this vascular skeleton ahersi norpa m 
c. from those of other organs or parts, i 
psp ois ho and gne RRA has a dena 
eton whic i 
arrangement of vascular ske ti is Giaa m 
ies. Great diversity „of vascular stri jy 
ong erm from simple (ie. among pteridophytes) to ` 
complex (i.e. among spermatophytes) type. 1 
The two parts of the axis ie. stem and root posses 


llateral bun 
r bundles e.g. stems posses co r 
ope a Meri wile the roots have radial bundles with exarch 
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continuity of vascu is i intained. 
in the axis is always main 
pA is a de coque of bundles to collateral type 


xylem of the stem in the axis. 


i Balfour and 
of Dicotyledons—According of 
Pile (1902 and ES the stems of dicotyledonous i plants 
dier from one another in the pattern of the primary vascularization. 
Thee differences are normally connected with evolutionary 
t. 


The amount of primary vascular tissue in dicotyledons varies 
from a solid through a hollow uninterrupted cylinder to a small 
number narrow separate bundles. It is considered that during 


the course of evolution the primary vascular cylinder became thinner 
243 result of reduction in radial direction and due to the appearance 
of leaf-gaps, 


branch-gaps, perforations etc. and due to further 
redoction of the vascular 


tissue in a tangential direction, the 
Ren split into the longitudinal strands as seen in most 
There is no relation between the arrangement of 

secondary and th 


€ primary vascular tissues of dicotyledons, the 
former type may occur in the form of enti 
amount and 


o» n re cylinder. But the 
arrangement of the secon ary vascular tissues speciall 
the xylem may vary from an e r : 


in entire cylinder of variable width as 
in trees to separate Strands as in case of herbaceous stems 


of some 
The vascular bundles have definit 
€ course of arr: i 
a ede Prolongations of vascular bundl Een ems 


known as many 
leaf traces are 


Vascular System o 
Monocot ledons— 
catered tronos Stems generally consists op cular ias ms 
Scattered e grou i P 
i. : comas a » gd i Scattered arranged 
bundle Penetrates into the Hate ce long TN T 
Among = pembers of Gramineae th KA 
Arrangement o * Vascular bundles la : 1 
mer bundles d in tnt, as (a) that jo PES of 
consisting o smaller b circles er circle 
a "E des E ied h ler circle 
iticum e. di ger bundle, e.g. 
Species of Oryz (b) th ich tie 
Ich the 
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vascular bundles are scatt I 
à ered throughout t ire g t 
the stem e.g. species of Zea, sacchari sa T 


In monocotyledonous stems i 
vascular bundles is connected E de EN of | 
bundles of each 
stem. There are | 
three types of 
bundles in the stem of J 
(Kumazawa, 1961). Th 
type is represented b; 
bundles derived from ` 
and the larger lateral 
these bundles à 


phery in lower m 
second type is rep 
leaf-trace bundles 
smaller lateral veins 
entering the stem, 
position of the 


they fuse 
third type is represented 
very small bundles and 
soon fade out within 
dermis close to the | 
node. 

; : The internodes in the § 
ig. 6 13— Primary vascular syste: 2 [^ 
athe Senna ASIN s ilicaty ledon of Triticum sp. are hollo! 
(Solanum tuberosum). B—In a mono- the nodes solid. The sm 
cotyledon (Palm type). (A, adapted from leaf bundles are cont 

Eames and MacDur afier Atache the, outer cree of 
wagootany, after K. S. Das.) and the larger bundles 
tute the inner circle of 


The internodal vascular bundles become horizontal or 
immediately above the region where the leaf is attached, those 
gradually approach the periphery. The bundles branch and 
various ways in the nodal region, as a result, the number of bu 
reduced. The remaining bundles, together with larger bun 
leaf of the same node constitute the inner circle of bund 


next lower internode. Therefore half of ie bua off 
b the internode an 
belongs to the nearest leaf above the ode and Oa N 


jnternode above this leaf. Most of the 
of an internode belong to the nearest leaf ab 


i d of numerous bun 
ce is composed o ES OD. 
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ds and 
descendi urse the bundles curve outwar 

x Re Eas near the periphery of the stem. 

both 


i ons and monocotyledons the xylem 
Ment alternating with equal Spe 
strands in the central stele. In dicotyledons the mai 
strands are equidistant from one another in one adu 
the branches of roots are formed from the pericyclic 
which separately develop axial cylinder where equal 
vascular strands is distributed. 


the longitudinal course of the vascular bundles forming a 
Watewlar skeleton is evident from the continuity of the root-stem axis 
ed occurrence of leaf-traces and branch-traces which tie up all the 
parts and appendages of the axis. 
68 Nodal Anatomy : 
A. Lear TRACES AND LEAF GAPS— T. 
attached at the node forms the shoot. 


HU 


E 


So the stem and its 
leaves are structurally continuous, consequently the vascular strands 
of leaves and 


evident at 


T T Vascular tissues into 

the leaf is called a leaf trace or foliar frace—these traces supplying 

Constitue leaf supply. As the leaf trace is a strand of 

Vascular tissue, so the terminal or distal part is made up of 

mal part consists of 

Med prascula connection of the leaf and the stem is 

^ one Or more strands in the stem axis 

° leaf ; if the bundle connecting the le 

followed through in the stem below the nod 
t, it is recognised i 


i the stem 
i section like À t 
. Known S eaf a wide inter 
tous region i gap lea h 
-Opposite Bip in the vascular cy] d P is thus a 
Vascular gyi; Per part of a lea yiinder of the stem 
differ is Cylinder is interr f trace located 


US continui Ç 
z upted b; ty of c 
extent, vertically and laterally matos 28 ircular 
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‘broken up in dj 
ilie ga ifferent degrees by t x 
is slightly broken gud, of limited longa] Of leaf 
oken by them: but hake pies extent, 
> ey are = 


LY EPI Pa, 
Z 


Ze 
Sa 
4, % 
<> E» 


0272727272. 


Fig. 6.14—Diagrams showing leaf traces, branch traces and gaps. . 
of node through leaf trace and gap. B, C and D—Cross sections 
the node of the stem illustrated in A at levels c—c, b—b and i 
respectively. E—L. s. of node with leaf trace, leaf gap, n 
trace and branch gap. F— View of vascular cylinder sho 
ing departure of leaf and branch traces with associated — 
gaps. (After Eames and MacDaniels, 1947) - 


extending through one or more internodes the siphonostel 
dissected. The number of leaf traces and the nui 
gaps are different in different plants, even may vary 
plant at different levels. This is of taxonomic and 
importance. The gap is often called ‘lacuna’, 
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sodes plants ilacunar with single trace, 
or double 1 r vit three traces, milit acinar 

= iw In the unilacunar single UN e 
rA I vl single strand of vascular supply nÀ 
oiis o a s, there are two vascular strands enteri g 
tbe kaf at the abe. sith single gap; similarly in trilacunar, 


MIDDLE 
LEAF TRACE 


LEAF TRACE 


&15—Diagram of nodal region of Phlox sp. showing relations of leaf and 
branch traces to the stele (SVT) of the stem. (Adapted from 
es and MacDaniels, 1947). 
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received by many workers favo. 
parative anatomical and phylo, 
stelar seed underwent m 
modern workers refer ste 

consistin: fac 


Inner Phloem 


Fig. 6.16—Different types of steles. A—C, Protosteles, A—Haplo 
B—Actinostele, C—Plectostele. D —G, Siphonosteles, D—Ect 
siphonostele, E—Amphiphloic siphonostele, F—Dictyostele, — 
G—Atactostele. 7 

According to Smith (1955), Esau (1962,65), Fahn (I 
-others the stele of the vascular plants may be classified, on 
of the relative distribution of the vascular and non-vascular tiss 
the primary state of development of the axis into two basic 
(1) protostele and (2) siphonostele. 

1. Protostele is the simplest and primitive type of st 
made up of a solid column of vascular tissues pu 
‘Phylogenetically protostele is the most primitive toes na 
phloem may surround the central xylem core or il 
may intermingle together in the form of plates or str: s. 
is most common among the members of Lepidophyta ( s 
but it also occurs in the lower parts of the stems og es? à 
aquatic angiosperms. Structurally protostele may be o 
types : $ 

BE centrally situated Xy 
(a) HAPLOSTELE— When the y pears 


.column is round and smooth, i.e. when xylem core a 
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‘section, e.g. Lycopodium cernuum, Selaginella 
p etc. It is the simplest type. 


i ;. hen 
xylem column is angled, Le. W 
Bite for of radiating ribs (stellate) in cross- 
es of Isoetes, Psilotum etc. 


i A " 
xylem and phloem intermingle, an 
et dw of which some are jointed and 
.£.g. Lycopodium clavatum. This type of protostele 
d type. 

‘State of dicotyledonous roots is also regarded 
ne authors, this type is known as RADIAL stele 
il arrangement of vascular tissues where xylem 
towards the pericycle and phloem occurs 


ond type is the siphonostele or tubular stele. It 
stele in having a central cylinder of parenchymatous 
Vascular tissues are arranged in the form of a 
Cy around a non-vascular core, called pith. 
derived phylogenetically from Protostele and hence 
Onsidered an advanced type. This type js found in 
Pterophyta 


ë of pteridophytes, gymnosperms and 
According to the positions of the 


phloem and xy] 
Of two types, viz : i ied 


oic Siphonostele—H 


D ere the phloem rin 
de of the xylem cyli ium ate only 


nder, e.g. Equisetum stem. 


hip oic siphonostele—Here the phloem rin 
; ) Ë Occurs bot 
and inner side of the xylem cylinder, e.g. “kasq 


è and simplest type as noted. in some ] 
imple: Ower vascul 
is without any leaf gaps ; in other types smal 
E gaps are Present which are not overlappin 
gaps are considerably distant from on ; 
T Cylinder appea i 


^PPing leaf gaps in 


at 
at in Which ae and over. 


W! 
yostele is found in so issected 
Ina dictyostele, the in rnt e. Species of 

mall protostele (ie, ç M 
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of a central core of xylem surrounded b 
hl : 
laterally to two overlapping gaps, are often called tae =- 


Steles of gymnosperms, dicotyledons an ocotyle 
are not only dissected by leaf ape ts also by a a " ° 
regions—those steles are called EUSTELES. So ina true Sense disse 
siphonosteles are known as eusteles. Like dictyostele, the 
of eustele are usually interconnected. : 


Steles of monocotyledonous stems are called ATACTOS * 
atactostele is formed from the eustele when the bundles of the li 
type are scattered. 


In some members of pteridophytes (species of Marattia, 
Matonia etc.), a very complex type of stelar structure is 
complex type is called polycyclic stele. Each polycyclic stele 
or more concentric cylinders of vascular tissues, in which th 
cylinder forms a siphonostele and the outer cylinder forms” 
dictyostele or solenostele. In polycyclic stele, the individual cylit 
are interconnected. In rare cases, stem and roots contain mü 
one stele—such a condition is termed polystelic, and th 
polystele. When only one stele with vascular tissues formi 
structure is present, it is termed monostele and the ¢ 
monostelic. Both the terms polystele and monostele are 
modern workers. € 

Sporne (1962) has interpreted the ectophloic siphon | 
leaf gaps, as found in pteridophytes, as a protostele Š 
medullated protostele. 


i ding the origin of siphonostele 
There are two theories regarding Moy m hu 


the pith composed of parenchyma 
ith is y 
E the alteration of the inner vascu 


: n à 

ther with eridodermis has approac 
Viajar cylinder through the openings of leaf gaps art 
lution, so the pith i. s 
e resulted. According tO m. 


part of cortex and thus not stelar in e 


indi the end 
his theory indicate the presence ° r 
en the pith and vascular tissues In some s =. poe 
ER of such an endodermis in other i Mur ai 
cated the result of further development. uer c ber 
Boat their research on Ophioglossum sp. hà ) 


supporters o 


TISSUE SYSTEM ane 


originated the xylem according to expansion 
'siphonos dea cone of further phylogenetic 

woken by leaf gaps and branch gaps, the result was 
on of dictyostele, 


SELECTED QUESTIONS 


in brief the epidermal tissue System with special reference to 


? Describe the structure, occurrence, types, functions and 


th sketches different types of epidermal outgrowths, 
6.3, B. 


essay on fundamental or ground tissue system. 


inendodermis ? Describe the histologi t i 
: E Econ gical structure of endodermis 


cle 64, B. 
prascular bundle ? Describe With sketches different types of 


Em vod ug sketches and examples the principal types of 


theories regarding their evolution, 


~ 


een a tiss š 
: ma ? Give a brief 


undi 
e most Primitive 1 found in 


unt of the ti 
à ibt tissue systems Concerned with the transport 


E 

" R fe . 
Bicolla ar bundi ticle 6.9. (c) Sol 
'ambi 


branch 
), Para 3 "a Endo 
fer article 6.3, A (1) 

1 eir à 


es, 


CHAPT. j 
ER VII Primary Structure of 


7.1 THE STEM 


The embryo of vascular plants dev i 
dages. The aerial and ascending Cn ma vedi š 
part of the plant axis bearing vegetative and reproduptiti 
is called stem, while the lower underground part of the axi, f 
root. Apical meristems present at the apices of stem and q 
up the new plants and thus constitute appendages—the ti su 
are originated from the apical meristems are cal 
permanent tissues ; as these new parts of plants are made š 
permanent tissues, so they constitute primary structures and t 
body as a whole is called primary body. E 


The salient features in the internal structure are 1— 
(1) Epidermal cells are cuticled (exceptions ; stems of aquatic plants| 
(2) Stem hairs are multicellular. i 
(3) Cells of the innermost layet of the cortex are without Caspari 


generally they contain abundant starch grains ; hence that layer is kno 
sheath instead of endodermis (exceptions : stems of some dicots &p 


(4) Pericycle when present is multiseriate i.e. many cell-layer in thick! 
morphologically true pericycle is absent generally, instead perivascular 
present. P 
(5) Vascular 
(6) Xylem endarch. 
(7) Branches develop ¢xog' 
stelar zone. 


I. DICO TYLEDONOUS STEMS 


bundles are collateral, bicollateral or centric. 


enously from the superficial tissue © 


Salient features :— "a 
(1) In all normal types, there is differentiation of stems into 
and central c. .ylinder (stele). : ; j 
(2) Vascular bundles are open, i-e. provided with cambium. 4 
(3) Medullary or pith rays separating vascular bundles are present. 


(4) Distinct pith is present. 
lly arranged in a ring. 


(5) Vascular bundles are norma 
janthus annuus, Com 


š SuNFLOWER STEM (Heli 
Be ees e internode of a young P 


sverse section through th é 
E "periphery to the centre, shows the following plane 
ment of tissues -— 
is the bees ano 
ivi arenchymatous tabular ce s joined e 
dial Falls and without any intercellular spaces. 
epidermal cells are cuticularised. 
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weltieelivlar hairy outgrowths ; a few stomata may be present here 
and there, 


` 


ËB. Cortex—Cortex occurs next to Ges sd ptent the 
exirattelar ground tissue. Cortex is differentiated into three zones, 
L3 few cell-layer thick continuous band of collenchyma just 
co oot hypodermis ; (b) next to hypodermis, a few 
thick zone of thin-walled parenchyma cells with inter- 

Spaces lies—this layer is also termed ‘general cortex’ by 
authors. In this region, few glands (each having a cavity 
by small epithelial cells) are present here and there, and 
wavy layer of cortex made of closely-packed 


Parenchyma cells containing abundant starch 
layer is called starch sheath, 


- ae sheath is the limiting layer of the cortex and demarcates it 


"a d 


Fig. 7.1—T. Š: of a young sunflowe, 


T stem (in part 

the tissues » 
o jns 

t. The stele ig a 08 interna] 


8 Mpanj inner 
t 2 Panion Xylem, 
cicular cambium, it = and phi 
composed of 
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2 — 3 layers of thin-walled fusiform cells whi : 
cross-section. Xylem is endarch, pie, of traced " 
xylem fibres and xylem parenchyma ; metaxylem elements with 
cavities are situated towards the circumference and protoxyle 
elements with smaller cavities are situated towards the centre. 


(b) Intrastelar ground tissues—This region is compe 
following parts :— 


(i) Pericycle—Situated internal to the starch sheath and exter 
to vascular bundles—it is multilayered, consists of alternate pati 
of sclerenchyma and thin-walled parenchyma cells—the former 
above and in touch with the primary phloem of each vascular bur 
forming something like a cap, called bundle cap. These bundles 
are also called hard bast due to the presence of phloem fibres 
such sclerenchymatous patches i.e. bundle cap. 1 


Now-a-days modern workers are of opinion that the term pericycle 
stems should not be used further because in most stems of dicots, a conti 
nearly continuous cylinder of fibres occurs on the periphery of the vascular c 
When these fibres arise from the same meristem as the phloem (i. f 


origin), they are called primary phloem fibres ; but when ‘they oe 
the phloem but inside the starch sheath, they are called perivascular 


Gi) Primary medullary rays— Composed of thin-walled, j 
or radially elongated parenchymatous cells with intercellular 
Continuations of the pith radiate through the spaces bel 
vascular bundles and thus constitute the primary medullary fi 


(iii) Pith or Medulla-—It is ui depen ang laran - 
he centre of the stem—consists 0: thin-walled, ova porya" 
Parenolyma cells with abundant intercellular spaces between them- , 


; und ita 
2. YounG CUCURBITA STEM (Cucurbita maxima, ⁄ 
The stem of Cucurbita is hollow due to disintegration of le z 
stem is wavy in outline and shows E Ec Eo 
Vascular bundles are arranged 1n two rings, thc EM fil 
ing to the ridges and those ofthe inne 

Di (Fig 7.2) and longitudinal sections (Fig 7.3) ¢ 

the following plan of arrangement o 


of compactly-set 
cularised. A tee deris ku 
develop from the e| j ; d ; = 

B. Cortex—It is more or less thin and is differentiated int 
following regions :— I E E 

(a) Hypodermis—lt lies below the [sud E j 
collenchyma cells, several (St) d thickne nd wer ste : 

7 forming conspicu 3 ' stem, 

ia aired cells do not form 4 continuous 


A 
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ferrows only 2 or 3 layers of collenchyma cells, often interrupted by 
some = cells containing chloroplast may be present, some- 
cells may be absent in the furrows. Collenchyma 


elis often contain chloroplasts. 


Aedes to some authors, collenchyma cells are reduced in number and 
thie-walled containing chloroplasts beneath the epidermis in the furrows, 
where stomata are present—that is why the collenchyma cells do not 

à continuous zone. 


EPIDERMIS 
GOLLENCHYMA 
PARENCHYMA 
STARCH SHEATH 


SCLERENCHYMA 


INTERNAL 
PARENCHYMA 


(Adapted from Of Cucurbita Stem (inc 
itt. A few cell Er Ds Botany, after ee 
a rs (2— 3) thi : % 
Contain fee {0 hypodermi thick parenchym 
"° few chloropl °> Cells of this zone Fs Mn zone occurs 
this layer is eet layer of the cort poi sua and 
grains © of barre]. Ortex kno 
Tel-shapeq cells NE st È arch sheath . 
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(a) Perivascular Sibres—Consi 

^ —Consist 7 
cell-layers thick sclerenchyma ; this P pem : 
the inner side of the starch sheath. i-o i 


(b) Internal parenchyma— i 
i iyma—Composed of thin- 
pe Occurring between the soleren ch ARIGAS Tai eri 
res) and the vascular bundles. Sclerenchymatous band and ini 
parenchyma together constitute the so-called pericycle. A 


(c) Vascular bundles— 
bicollateral and open, embedded 
the parenchymatous ground t 
arranged in two rows; the bi 
outer row are smaller than thosi 
the inner row. Larger vascular bu 
occur generally under the 
Each vascular bundle consists of 
patches of phloem, two strips of cam 
and a xylem patch. The seque 
tissues in each vascular bundle is 
outer phloem, outer cambium 
inner cambium and inner phloem 
three elements, viz. sieve tubes, 


yC Ni 
LOEITIPOAAQI 
r. t tL GERI 


yt Tn ta (is) 
urere fte UT a nion cells nd phloem paren jn 


TY 


present in each phloem patch. The: 
is endarch and consists of all el 
tracheids and fibres are few, 
parenchyma cells are abundan 
xylem vessels are larger, situa 
the outer side of the xylem and 
with pitted thickenings. Prot 
vessels are narrower and situated 
Fig. 7.3—Longitudinal section the inner side of the xylem ; 
of Cucurbita stem (in part). xylem vessels may occur tov 
Sh—Stem hair, e-zepidormi pma centre of the xylem. The xylem) 
Sec Sh cheat Sci Scleren- are notarranged in radial rows. - 
cambium is composed of se 


chyma, Inp—Inner parenchyma, c 
op—outer phloem, oc—outer of cells, rectangular in cros 


eo pps a eo while inner cambium is cu 
oai Ip— Inner phloem. layered. 


to form a hollow cavity in the 


s confined to each va on to 


3S 


(d) Pith disintegrates early 


In Cucurbita or 
hence the vascular 

imary tissues. In such a case 
pales al towards wq Heres elus en hr š 
outer cambium. In bot prima ss nta Ee € 

the latter has larger elements. o 

——— outer cambium and the eut hacer € 
The elements of secondary xylem, mainly the ve larger. 


phloem is mainly primary. 
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3. Youno Leonurus STEM ( Le ibiri biatae )—In 
rus sibiricus, La s 
L. stem is square d Sud. It shows the following 
s: 
erom-section, the 


bular cells 
x hick, made of ta fhe 
—It is one cell-layer thick, Outer walls o 
A. intercellular spaces. 
A to end without i 


distinct and less massive ; 
it is differentiated into 


sely at the four corners 
of the stem forming dia- 
gonally 


Hypoder- 
. mis, P—Parenchyma, St—Starch sheath, . Scl— 
Collenchyma cells do not — Sclerenchyma, CTS Se ean 
Mx—Metaxylems, X—Frotoxylems, P—Pith, 
form continuous bands 


Ts. 
Parenchyma cells of Several cell-1 
occur just internal to collen 


ayer thickness 
ermis, T 


hese cells often 

chyma), Chlorenchyma 

meg š ly in those portions of 
stomata are 

is absent 


chyma as hypodermis 
Soe b called starch Sheath, 

. Sheath is Composed o; closely-pack ; - 
cells with abundant Starch grains, obat 


Ctures a ted j Peur limited 
T€ noted in the stele . 
ES Scl PPascular fibres Next ° 
OF scler 
this region, enchyma f, 


é to the starch she 
a forming a continuous band Constit: 
(b) Vascular bundles ar coll 
teral and 
More towards them: 1 nde 
x i S the E hi re 
Periphe: 


open—they are arranged 
y. ere are four | ng 
restricted to one ç ;. ‘arger bun les, each 
towards the perj Ty of the wet Le. it 
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companion cells and phloem parenchyma. Next to phlo 
cambium, made of a few layers of fusiform cells appea: 
in outline occurs. Internal to the cambium strip th 
Xylem is endarch and composed of all the elements e.g. 
tracheae, xylem parenchyma and fibres. Metaxylem occu 
the periphery and protoxylem towards the centre. 

(c) Pith—It is present at the central part of the 
distinct, large and consists of parenchyma cells. 


4. YOUNG STEM OF CALOTROPIS (Calotropis procera, 
ceæ)—A transverse section through the internode of the | 
the following structures (Fig. 7.5) :— 

A. Epidermis—It is composed of a single layer c 
arranged tabular cells with cuticularised outer walls, wax} 


STARCH 


ag 


dapted from College — 


alotropis stem (part). 4 
of rien after K. S. 2 
sent. Stomata may D" 5" 


Fig. 7.5—T.s- 


the outer walls of the cells is also pre ; a - 


here and there. ] 
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i i i hree regions, viz.— 
Cortex—It is differentiated into t 
a Hypodermis, made of 2-3 layers of collenchyma (lacunate 
LU 
OON i several 
—Next to hypodermis there occur 
I a thin-walled emit ah cine intercellular spaces. 

: Starch sheath—The last layer of the cortex ; it is made of 
Men arranged barrel-shaped cells with abundant starch grains. 


Stele— composed of compactly arranged vascular 
tenis with Eus ay cals and intrastelar ground tissues. 


res (pericycle)—It is composed of a few layers 

< À Mi akian cogens tation saves Hm cellulosic fibres here and there. 
(B) Vascular bundles are collateral and open. Each bundle is 
composed of external phloem, internal xylem and cambium ring in 
— between phloem and xylem. Phloem consists of all the elements ; 
cambium ring is few cell-layer in thickness. Xylem is endarch, 
massive and composed of all the elements. Next to xylem there 


occurs patches of internal or intraxylary phloem—a very distinctive 
feature of the Calotropis stem. 


Pith—lt is central portion of the stem. Pith is large and 


made of parenchyma cells with intercellular spaces, 


5. STEM OF AN Aquatic DICOTYLEDON (Enhyd - 
NT (Enhydra fluctuans, Com 


P t Sen 
S SS WES SES ce 
shows, from the periphery “ PaaS 


to the centre, the following 
plan of arrangement of 


B. Cortex—Cortex is 


hydra st 

i .Ep—Epidermi stem. 

- in the fo; Tis, As—Air g Tmis, Hy —Hypoder- 

Y. as hypodermis. Shen sheath, Selgin areachyma, LL 
| next to hypoder Ç S oem, Ca—Ca; ium, yma, Ph. 


Paces an, ; 
X, these cells contain k chambers 


oplasts aad, 


(c) a single wavy layer of com 


containing starch grains, called st. 
the cortex. 


C. Stele—This re ion includ 
iet ed g udes vascular bundles and 


(a) Pericycle—A few layers only, like sunflower 
> stem | 
posed of patches of sclerenchyma and intervening pai 
sclerenchyma patch forms a small bundle cap or hard basta 
each vascular bundle. i 


(b) Vascular bundles— 


pactly-arranged barrel-sha 
arch sheath as innermost lay 


( Collateral and open, they are arra 
a ring. Phloem has all the elements i.e. sieve tubes, companio 


and phloem parenchyma. Xylem is endarch and is composed | 
tracheary elements and parenchyma cells. Both xylem and | 
occur in small amount. Cambium occurs in the form 

between the outer phloem and inner xylem. ; 


(c) Medullary rays—Medullary rays are composed of p 
cells and each lies between two vascular bundles. 


(d) Pith is hollow, i.e. pith occurs in the form of a cai 
the central region. The pith cavity is formed due to the [ 
gration of the pith cells. 3 


Il. MONOCOTYLEDONOUS STEMS 


Salient features :— 


Cortex i.e. extrastelar region is usually absent, 
o Vascular bundles lie scattered on the ground parenchyma. 
(3) Vascular bundles are closed i.e, without cambium. 
(4) Medullary rays and pith are not distinguishable, 


1. STEM OF MAIZE (Zea mays, Gramineae) [Fig. 7.7] — 


Transverse section. of the stem through the internode sho 
following structures :— x 


i i i ingle-layered zone, compe 
Epidermis—It is the outermost single-la} be 

f ua tits tabular cells—outer walls of MIRA I 

E idermal outgrowths, i.e. hairs are generally absen S 

aa be present here and there. € 

E is not differentia into 

B. Ground tissues—As the sen pa coner sent in m 

is di i i ew laye: t 

tissue is differentiated into (a) a : 

stem a AEN mk (sclerified parenchyma), r : continuous 
fortan hypodermis beneath ma Meu ey ( 

—thi e occurs from below the 
tbe" pee of the stem and is made of jo Hi 
a scbymatous cells with abundant interce po 
far bundles are embedded in parenchymatous g 


aces. : 
d tissue. - 


2 Esau, K. (1962)— Anatomy of Seed Plants 


i 
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Stele—Atactoste! rous ; 
i ; vascular bundles are nume 3 
ee opera in the ground tissue. Vascular 
they 


Crushed 
protophloem 


Metaphloem 


= 


protophloem 


Protoxylem — Metaxylem Bundle sheath Nonfunctioning 
lacu 


protoxylem 


mays (Maize) stem in part. 


Fig. 7.7—T. s. of Zea 
H—Hypodermis. (After Esau, 1962). 


SCLERENCHYMA 


GROUND TISSUE 
Parenchyma ) 


Fig. 7.8—T 


: S. of Tritj, 
arrangement 5 Triticum 


f v. 
Adapted from Colle, jar bundi 


ean stem showing 

(diagrammati 

ge Botany after K. Dane 
Ü | S. 

À Refer article 6.9 E 
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‘bundles are smaller and more crowde 
baad i is one towards the mits eh 
collateral, closed, somewhat oval in shape i +. 
sheath of sclerenchyma called bundle we 
cular bundle occurs in the form of the letter “Y”—two M 
vessels with larger cavities and pitted thickening are situated l: 
and one or two protoxylem vessels with small cavities and spir 
annular thickening are situated a little below in between two: 
xylem. : In mature bundle, the lowermost protoxylem ui 
dissolution forming a cavity known as protoxylem lacuna. 
located above the two metaxylem vessels and in between the 
of “Y”, Phloem consists of sieve tubes and companion 
phloem parenchyma being absent. In a mature bundle, a 
of crushed phloem lies outside the inner distinct phlo 
(metaphloem), called protophloem. Xylem consists of vessel 
trachee and xylem parenchyma—tracheids are either absent or 
‘may occur near the protoxylem. 


Pith and medullary rays are not differentiated due to the scat 
‘arrangement of bundles all over the ground tissue. 


:2. STEM OF WHEAT (Triticum aestivum, Gramineae), f 

(Figs. 7.8 & 

Transverse section through the internode shows the followi 
tissues from periphery to the centre :— 

A. Hypodermis—Iti 

CWE uniseriate, made of com 

pactly-arranged ` 


di uyma Cells with cuticuli 
ie aan ap outer walls. Stomat 


present here and 


EPIDERMIS 


sae eee Hairy epidermal outgro! 
VASCULAR ths are absent. 
BUNDLE : 
BUNDLE SHEATH is B. e 
Y ext to epidermis, 
Pp sclerenchyma cells 
META XYLEM as patches ; these pate 


of sclerenchyma 
OO UMS (fibre strands) are 
rupted by chloro) 
in enchyma 
croup esos Contain E ymi 
and there, specially W 
stomata are persent 
the epidermis. 
f Triticum stem. patches of sclerench 
from College Botany, after K. S. Das. an d chl oren chyma, e 
i d of sclerenchyma cells, 
pascal oun are partly embedded. 


Fig. 7.9 —T. s. of a portion o 


Adapted 


occurs a cont 
sing of smaller vascula 


Ci 
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e breaks down forming 


. | of the parenchymatous ground tissu 
Pow strectare 


Vascular bundles—Vascular bundles are arranged in two 
E outer ring of smaller vascular bundles are associated 
the continuous sclerenchymatous band and the 


ie. innerring of larger bundles are placed lower in the 
parenchymatous ground tissue. 

— Vascular bundles are closed and collateral like those of maize. 
"They are surrounded by sclerenchymatous bundle sheath. 


x 3. STEM or AQUATIC crass (Leptochloa chinensis, Graminez)— 
- Fig. 7.10. : 

— — A. Epidermis—As usual like maize, stomata are absent. 

___B. Ground tissues—It is differentiated into (a) 2-3 cell layers 


_ thick Selerenchymatous zone beneath the epidermis forming the 
“hypodermis and (b) parenchymatous zone, it occurs next to hypo- 


and extends inwardly ; this zone is composed of loosely 
ma cells with abundant intercellular Spaces. 
parenchymatous ground tissue, another band of one or 


Sclerenchyma is present. T : 
tissue is hollow. — presen he central region of the 


bundles—Like 
€ ground tissu 
ch vascular bun 


OSus, Liliace. 
o stem thr à ae)— 
Bree tissus. (Fie 211) de Shows the 
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A. Epidermis—It is sin I posed 
à gle layered, c co 
placed rounded cells with cuticularised outer valle « 


B. Ground tissues—Next to epidermis, there 
° , occ evera; 
of parenchyma cells, cells of which contain abundant chlorop 
i.e. cells are chlore 
This chlorenchym 


zone, this layer may b 
starch sheath. Due 
presence of this so-cal 


of Asparagus is diff 
into extrastelar and 
regions. 


Next to the starch 
like layer, there occurs 
of several cell-layers th 
tinuous band of sclerenc 
this layer is also calle 
cyclic sclerenchyma or 
cular strand by some auth 

f li indl 
" Fig. KU mi s of depo ur pem 2 part. ES. icant a E 
— Cuticle, Ep—Epidermis, P—Paren- A. : 
cbyma; "Sch-Sclerenchynte. Gt—Ground collateral, remain scattei 
tissue, Vb—Vascular bundles. Mx—Meta- the parenchymatous 
xylem, Px—Protoxylem, Ph—Phloem. tissue. The centrally 
bundles are larger than the peripheral bundles. Peripheral 
may touch the sclerenchymatous band. Xylem of cach = 
bundle looks like the letter ‘V’,—metaxylem vessels form ri 
of ‘V’ and protoxylem, the base, Phloem lies bere 
arms of ‘V’. Composition of xylem and phloem of om 
is like that of maize stem; only protophloem, protoxyle 
and bundle sheath are absent. 
indi flowering ste 

5. CANNA (Canna indica, Cannaceae) SCAPE ( 1 j 
axis)—The internal structure of this monocot. races pum 
from previous types due to the presence of following i 
Fig. 7.12. y 

A. Epidermis-—As usual, made of single layer of very 
polygonal cells with cuticularised outer walls. : 1 

B. Ground tissues—Consists of following tissues, VIZ: (a) a ! 


Ils occur next to the ep 
rame e so-called cortex, t 


chlorophyllous tissue; (c) few sclerenchymat 
to the chlorophyllous tissue, 
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e of ordinary parenchymatous ground tissue extended upto 
within which vascular bundles remain scattered. 


d 
ar bundles—Vascular bundles are.scattered, closed and 
vessels in each bundle are few in number or even 


* 

rm onion, cuticle, ep—epidermis 
bearing layer (part of , 

ited patches of sclerenchyma, ph—phloem, cs 

B us £—8round tissue, E 


rences in the j 
` in the internal Structures (primary) 9f dicot and 


Monocot 
due to ks 


n pn DR Generally Cortex i 
axis int ' ie Sor tex is absent as the 
y Tegions. Cortex is and intrastelas, sion, into extra- 
by starch sheath, Tegions, s 


Usually collench. 
y- 2. H i 
a ‘ YDodermis i 
made ur modito da ont Cases ig 
Chymatous- Cells sometimes = 
ate arranged in — 4 wy A 
umber, © and tie V aScular bundles 
AA is le scattered in the ground Rumerous 
Collateral or without cant, bundles are cee 
' Concentric, VM, either coj nosed Le, 
or 


atd not Surro- 5. Vascula; 
. unded by bundle g 
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Dicot stem 
6. Vascular bundles are wed 
e- 
shaped—phloem and xylem are Tira TO po 
of their three elements Tespectively. tubes and companion cel 


parenchyma absent ; in 
toj tracheids are absent, 
7. True. pith is present, 7. Pith is normally 
hollow central region as 
may or may not rep 
morphologically. 


7.8 THE ROOT 


Root is that part of the Plant axis which develo fr 
radicle and grows beneath the Soil (exceptions: aerial ts). 


Salient features in the internal Structures of roots :— 


(1) Epidermal cells are not cuticled and Jack stomata, cells remain thir 
on both surfaces—hence epidermis of the root is specially called ep 
piliferous layer. 


(2) Root hairs are always unicellular. 


: (3). Distinct endodermis with Casparian strips is present. Pericycle is | 
layer in thickness. Ñ 


(4) Vascular bundles are of radial type. 

(5) Xylem always exarch. 

(6) Branch roots always develop endogenously from permanent 
pericycle. ; 

The internal structure of a few dicotyledonous and monc 
ledonous roots are described as follows : i 


1. DICOTYLEDONOUS ROOTS 
Salient features :— 
(1) Number of vascular bundles is less, i.e. upto five or six ; four Le. te 


being more common. A , 
(2) Pith is absent, if present very small and undeveloped. 


1, Root or GRAM (Cicer arietinum, Papilionaceae)— r 
section of the root (Fig. 7.13) shows the following plan of 
ment of tissues from periphery to the centre. 


A. Epidermis—Uniseriate, consists of thin-walled, ie. 
cularised tabular cells—this type of root siis bis 
epiblema or piliferous layer. Outer walls of some of thee 
cells are prolonged outward to form unicellular root hairs. 
are absent. 2 

B. -Cortex—It lies below the epiblema, consists o: : 
ous oval or polyhedral, thin-walled parenchyma heise dc 
spicuous intercellular spaces. Cortex is xix be 
layer in thickness forming a massive zone. e À 
jud al ee EE 


i icle has even 
z oung part of the root, a layer of thin cuti : 
on VU ce E cluding root hairs (Esau—Anatomy of Seed Pi 
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pesa 


Jeuco is—it is the 
The endodermis. it is 

f : pat ete is “de cenit 

| i i saa of closely packe ik 

P rdi enr which are provided with pec 

a 


known as Casparian strips. 


‘Endodermis 
Pericycle 
Phicem 


Meta xylem 


Proto-xylent 


Pith 


Fig. 7.13—T. 8. of gram root, 


a central core of vascular tissues together 

round tissues. Stele is externally limited by an 
1$ Composed of following tissues ;— 

lies next to endod 


€rmis as the Outermost layer 
lg composed of one-cell layer 


thick thin-walled 


are radial, i.e, Xylem and Phloem Occur jn 
anged on alternate Tadii Vascu] 
B ua i ascular bundles are 


` Protoxylem is 
towards th 


ubes, Companion 
m consists of Vessels—the 
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(c) Pith—True pith is absent; pith-li 
Š ; pith-like structure 
young stage is actually the part of undeveloped xylem. E 


2. ROOT or CUCURBITA (Cucurbita sp., Cucurbitaceae)— 

T.s. through the root shows the same structure like 
gram root except the following : 

(a) Conjunctive tissue radiating and large. l 

(b) Sclerenchymatous fibrous tissue capping the phloem ; 

(c) Small pith is present. 


3. Roor or BUTTERCUP (Ranunculus sp., Ranuncu 
Fig. 7.14 


T.s. through the root 
following plan of arrange 
tissues : 


A. Epidermis is uniseriat 
gram root, and consists of à 
of very delicate, smaller and t 
cells. 


B. Cortex—It is " 
differentiated into three zones, Yl 
(a) outer narrow zone next to 
epidermis called exode 
zone consists of compactly arrai 
smaller cells with little intercelluMt 
spaces ; (b) next to exodermis t 
is a massive zone of ordinary pat 
chyma cells, this zone is also 
inner zone of cortex. : 
zone are larger and oval with 
spicuous intercellular spaces, € 
contain abundam sb d 
c) innermost limiting la of cc 
< is the endodermis which is ol 
interupted by thin-walled 
cells, specially against the p 
lem groups. Endodermis 
cell layer in thickness i.e. COMP" 
of a row of barrel-shaped € 


jg. 7.14—T. s. of Ranunculus root. cells are provided with 
i Ex—Exodermis, strips. 


g. 

—Epiblema, ^ 
Erc Cortex, e—endodermis, C. Stele—Com of. 
Pc— Passage cell, Per—-Pericycle, posed 

p—Phloem, Mx—Metaxylem, @ Pericycle, ‘one-cell 
Ps--Peotoxylent thickness and parenchymat 


undles—radial, four (tetrarch) pe E 


(b) w = rch. Phloem occurs In sm 


number, xylem exa 
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fe) Conjunctive tisswes—parenchymatous, occur between xylem 
sod phloem patches. 


(d) Pith is entirely absent. 
4 TH H 
* Roor or Pea (Pisum sativum, Papilionaceae) —Fig. 7.15 


+. s. shows the following plan of arrangement of tissues :— 


A. Epidermis—Like that of gram root, i.e. typically uniseriate, 
thin-walled and provided with hairs. 


B. Cortex—lt is massive like 
that of gram root, composed of 
I cells with s 
spaces. Cortex is internally 
x limited by a uniseriate layer called 

endodermis; cells of endodermis 
are barrel-shaped, compactly arran- 
ed and provided with Casparian 


Bv Stele is composed of follow- 
‘ing structures— 

(à)  Pericycle—It is thin-walled, 
parenchymatous and single-layered 
| 779€curs next to endodermis. i 
(5) Vascular bundles are radial, 

e in ber ie. triarch, here 
xylem patches alternate with 
three "ion Xylem is 

° oem patches 
are tively small with con- 
Stituent elements ic. Sieve tubes, 
‘Companion cells and Phloem paren- 


Ye tissue & Scleren. 
chymatous —Co & Scleren 


njunctive tissue 


h atous 
between xylem and occurs 
Sclerenchymatous 


and phloe Fig. 7.15—T, s. 
bres occur ig aA 
i rmis. Per p. > En— š 
ovis at, eat i Phloem patch Mx- Mer ericycle, Ph Phloem, 
b e. f.—Sclerenchymat otoxylem, 


i ous fibre, 
š 4$ Pith is absent at mature Stage, althou 


wo n 8Te negative] "des 
ds Provided with nu er S ott Ovic i e, growin ; 
umerous pores through which poly sbove the ROME 
exchange 
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place. As these roots are negati i stems, 
gativel tr ike aerial 
Structure of pneumatophores Rice ped enr s " 


Following plan of arrange i is seen 
E é ment of ti 1 
section of breathing root : s mu a 


A. Cork—It is composed of a few layers of co: 

rk cells, 
cells occur at the outermost region together with smali 
Calls are suberised and become dead at maturity. 


B. Cortex—1t is ma: 
spongy, composed of lo 
arranged rounded parenchy 
cells with large inte 
spaces forming air ¢ 
The innermost layer of the ¢ 
tex forms the typi doderi 
a uniseriate zone made 
closely-set barrel-shaped ` 
with Casparian strips. ' 


C. Stele—It is the centr 
situated zone of v 
together with i 
tissues. Stele is compo 
following structures— 

(a) Pericycle—It occurs 
ternal to endodermis and res 
bles in structure that of dic 
stems, i.e. pericycle is more thi 
one-cell layers in ckne 
composed of continuous D8 
of parenchyma (outer) 8f 
Fig. 7.16—T. s. of breathing root (in sclerenchyma (inner). 

art). L—Lenticel, Cc—Cork cells, (b) Vascular bundles 


p 

= , Cor—Cortex, ac—alr 

ova hae Endodermis, Per—Peri- cular bundles also re 
cycle, Ph—Phloem, Ca— Cambium, of dicot stems, ie. 


X-xylem, pi Pith. open and collateral. Actual 
m a continuous cylinder with outer phim 


i i hloem 
bium ring occurs between p d 


vascular bundles for 
inner xylem ; cam 
tissues ; xylem 1s endarch. 5 

(c) Pith—Large and parenchymatous pith is present at 
central region. ' 


MoNocoTYLEDONOUS ROOTS 


II. 
i i.e. number o! 
i es :—(D Polyarch nature of stele, i.e. n' 
is erben 6, eu reaching upto 20 or more). 


(2) Pith is well developed and always present. 
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X Rooror Maize (Zea mays, Graminee)—Fig. 7.17 
T. s. through the root shows the following plan of arrangement of 
— 


Epidermis—Uniseriate like dicot roots ; composed of a row 
E thin-walled tabular cells without cuticle ; unicellular 
E be present. 


Ë. Cortex—It is massive and composed of parenchyma cells with 
Seespicuous intercellular spaces which may be large lacunae (air 
> Originating by separation of cell walls along the middle 
MES oa Beneath the.epidermis, i.e. towards the 
m of the cortex, several layers of cells undergo suberisation 
i luce a zone of tissue called exodermis. The innermost layer 
[ is differentiated as an endodermis which is composed ofa 
Tow of barrel-shaped, closely-packed cells. with Casparian strips ; 
iron - um ed develop mue secondary walls ; sometimes due 

Such thickening, cells opposite the protoxylem groups 
-emain thin-walled and form passage cells. i ‘i SQ: 


f 


e (a) Pericycle—Itis the outermost uniseriate la 
yer of the stele. 
Pericycle is made of both parenchyma and sclerenchyma cells. kia 


C. Stele is composed of following tissues :— 


^ 


Fig. TAT—T. s. of Maize root 
Cin part). 
€—epiblema, €x—exodermis 
porter, en—endodermis, 
—Phloem, Mx—Metaxylem, 
—Protoxylem. 


Cle of me al in posit; 
Parenchymatoos eT sels. It ji Ko and Surrounded bya 


of | 
ndant Starch grains arranged 
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2. Roor or ARUM (Colocasia sp., Aracee)—Fig. 7.18 


Structure of epidermis and cortex is like that of maize 
exodermis become more prominent in old roots. 


Structure of stele is like that of maize root, ie. 
polyarch ; pericycle uniseriate but made of thin-walled 
cells. In between xylem and phloem patches, small 


Fig. 7.18—T. s. of Arum root. —— 


pi y sent. Thoug =: 
con, nctive tissue arench: ma cells) 1S pre 
LEE E T. Ke uf, they are not distinguish š 


and conspicuous like that of paiza 
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Canna indica, ee th internal 


As usual like that of typical monocot root. 


x—Differentiated into exodermis, occurring beneath the 
uniseriate layer and composed of very thick-walled 
portion of cortex i.e. internal cortex is composed of 
ged thin-walled parenchyma cells having intercellular 

rmis, the innermost layer of the cortex, is provided 
secondary radial and inner walls. 


PERICYOLE 


of rem Vj aft o 


; Botany, after K. 


dl and co 
i (ving tone lly radial an. nd "- Sclerenchyma 
Ís large and is made of P tiphery of E: oom cr 
“walled p are very 


arenchyma cells. 


328 STUDIES IN BOTANY 


5. ORCHID ROOT (Vanda roxburghii, Orchidaceae)—Fig. 7.20 


The aerial roots of epiphyti i internal 
structure in transverse a orchids o | 


A. Velamen—Velamen i meant 
1 é is a spongy outer tissu 

absorbing moisture from the atmosphere. Velumen i actually a 
multiseriate epidermis derived from the protoderm. It is composed 


macy of a few layers of co 
av uJ L arranged, non-living cells 
i 
(4t 
e 


ae. 


out protoplast (i.e. empty 
Vell the walls of which are f 

thickened and porose. Vi A 
is externally limited by a layer 
called limiting layer. Root ç 
are totally absent. 


LI 

B. Cortex—It extends from 
below the cells of the velamen 
upto the endodermis. The outer 
most layer of cortex is known a 
exodermis, it is one layer in 


thickness and consists of thick- 
thin-walled 
cells, 


walled cells ; some 


cells, known as passage 
occur here and there in between 


thick-walled cells. Internal (0 | 
exodermis, the main of 
cortex is multiseriate and is 
composed of loosely arranged 
chloroplast containing n 
chymatous cells with small " 
spaces. The innermost layer Gi 
cortex is u ermis, t: $ 
uniseriate and com 
thick-walled, barrel-shaped cells 
of thin- 


with the exception. 
walled passage cells lying against 
„s. of Orchid root. L—Limit- the protoxylem groups. 


Fig. 7.20-T i 

i |—Velamen, Ex—Exodermis, : 

ing layer. Yer En Endodermis, Pc— C. Stele—Like he is 
Pericycle, Pi-Pith, typical monocot. Pericycl 


age cell, Per— t 
PAP Mx-—Meotaxylem, Ph = Phloem, uniseriate, lying internal to 
Px—Protoxylem. +.» it iS mainly com 

odermis ; 1 Jis of the 


ed cells, but cells lying inte 
p ain thin-walled only. Vascular bundles Ua r as 
rge number of xylem and phloem pa 

us conjunctive ti 
Pith is large and. made o ae 
atous cells becoming sclerified. 


of thick- 
endodermis rem 


olyarch ; a la 
alternately. Sclerenchymato: 


ing the phloem patches. 
cells, sometimes parenchym 
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Differences between Dicot and Monocot Roots : 


Monocotyledonous root 
. Number of vascular bundles many 
ie. us than six or eight (pol: deis ds 
presen: developed pi 
Š s either absent or if t 2. Large and well 
m cope ; is always present. 

š ty growth by the activity 3. No secondary growth occurs. 
= ; i i lateral 
Pece gives rise to lateral 4. Pericycle gives rise only late 

con and cork-cambium. roots. 


Differences in the internal structures of the Stem and Root 
co! Plants: 


Dicot root 
ticularised l. Epidermis with non-cuticularised 
piderm: airs e tri- thin outer cell walls and hence known 
scales or multicelluar out- 


as epiblema. Root hairs are unicellular. 
"bs arepresent. Stomata are also Stomata are absent, 


Consisting of hypodermal 2. Cortex consists of parenchyma 
ground parenchyma and —the peripheral region of which is 
as starch sheath—the 


) differentiated later into few-layered 
contain starch grains and 


thick-walled cells—the exodermis ; 
of which are not thickened, the innermost layer of cortex forms the 
hot form true endodermis, 


typical endodermis with Cas 
and inner thickened walls. 
3. Pericycle is one-cell layer thick 


ie. uniseriate and parenchymatous nor- 
mally. 


parian strips 


cycle! is multiseriate—either 
ous or €rogeneous, i.e. 
‘Of two kinds of tissues. 

^, Vascular bundles are collateral 4. Vascular bu dl 
k Xylem varie Pith Xylem exarch, Pith y 


7e. if present very small 
6 Differences in the internal 
Plants : 


es are radial. 
enerally absent, 
and Secondary in 


origin. 


Structures of Stem and Root of 


Monocot stem š Monocot root 
"ermis cuticled, stomata often 1 


+ Epidermis lj i 
3 mata absent. 5 like dicot root, Sto- 
š iniu is not differen. 
Parens, I. composed of 


: E ode or sclerenchy- 
or starch 


.2. Like dicot Too! i 
article 7.5, point no 2), (ste dicot root, 


sheath 

‘Yee and conjunctive tissue — 3. Pericycle like dicot root 
uide: Ussue in tween Xylem and 
wate: groups is parenchymatous and 
4 A large w 


ell 
chymatous pith is Present ted dri 
Vascul, 


S: ar bundi are 
ascul les radial 
arranged in Ting. Xylem exarch, i, 


many, 
Scattered j 
3 Xylem endarch, the 


ular fibres (refer article 6.4 (c), Chapter 6) 
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7.7 Root-Stem Transition, i.e. transition from the roc 
stem (Fig. 7.21) : 

Root and stem form a continuous structure called axis (t 
stem axis) which lies in a straight line. As anatomy of root a 
differs, there is naturally a region where root and stem m 
where the parts of one organ merge into those of another, - 
vascular bundles in root differ markedly from those of stem, 
is change from radial type of vascular bundles with xylem 


Te D. 
E: ition A— Dipsacus type 
i f root-stem transition» Dire Aner 

. 721 - Different types o -stem transi (type ^m 
Pip Cueurbie type (Speo) After Fames an MacDaniels, p 
i em € 

] or bicollateral type of pup i 
his change 9 vascular structure 


collatera 
stems—t 
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twisting and inversion of vascular strands is called vascular 

reas the particular region of the axis where such changes 

place is called transition region. The transition may occur either 

or gradually at the top of the radicle and also more 

Samoniy in the hypocotyl at its base, in the centre or in the 
 spper part. 


“The changes or transitions are of four types, such as :— 

A—In this, each xylem strand of the radial vascular bundle 

Of the root forks by radial division ; the equally forked two branches. 

xylem swing laterally, one to the right and one to the left by 
their upward course and join the phloem strands (which 

t and run as straight strands from the root to the 

Wem) on the inner side. As a result the radial bundles with exarch 


Eae. the root become collateral with endarch xylem in the stem. 

this the number of primary bundles in the stem is equal to 

that of Strands present in the root. This type of vascular 

— in species of Dipsacus (Dipsacaceae), Mirabilis: 

E €), Fumaria (Fumariaceae) etc. (Fig. 7.21A). 

.. Tyre B—In this type both strands of the xyle ll 

| Phloem fork equally by radial division, the fred Gienches x e 
Rn mir laterally by 180° in their upward course and join a 
Mut. bere m as a result the xylem strands become 


(Cucurbitaceae), P ommon in species of 
- (Geraniaceae) etc. (Fig, 12g) es (Leguminosae), Tropaeolum 


_ TYPE C—In third t 

type, xylem strands d 
Büro ne wem swinging laterali by ig e rs but rus 
: pone ivide, the divided branches Swing n rande 
the number of = Aelii dim Strands on the outer side. og, end 
Ñ Phloe: ndles in thi 3 2 3 
Laya ( imi in the root. "This s nains the same as that 

no. x i š 

te. (Fig. 7.21). Sae), Phoenix (Palmae), Me dleago (1, species of 


8 Ich in the 
Dumber o| E Pairs with the tri 1 do not fork 
u x ple xylem ; but 
^ (Fig. 7.21p undles in Stem is half that P uie isn TL 
18 m in the 
"eA: E Booten] fd Adventitious Roots ; 
Att laid donn in the ral T0015 In ste 


apical meristem at ingen Due 
.e. 
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‘point according to a definite i lateral 
roots are not laid down in a sisa N be ee * 
bias papas are ane in the permanent tissue MN the 
e zone of root hairs an i , 
Lateral roots originate aedis: bres pe 
(called root meristems) of the mother root. In spermatophytes 
inner tissues, i.e. root meristems arise in the pericycle just 3 
the endodermis whereas in pteridophytes lateral roots originate T 
«the cells of the endodermis. The points of origin of lateral Me 


Fig. 7.22—Different stages showing the origin of lateral root (in L s). 
Pxy—Protoxylem, End—Endodermis, Per—Pericycle, Ri 
primordium, Cor—Cortex, Gpt—Growing point. 
(Adapted from College Botany, after K. S. Das). é 


.spermatophytes are opposite the protoxylem groups During thè - 
f lateral roots few mature cells of the pericycle opposite 1? 
protoxylem grou i i subsequent divisions 
may take place in any plane. 


the endodermis outward root 
. Next a definite rowing point with its initial cells, 
Tigre er Nit Ë s d quickly. As this meristem 


Thus a few layers are form: 5 


cap and other histogens is formed | 
develops, other tissues surrounding it are stretched and MO p" 
forces its way, partly by absorptio : 


ultimately. The root ] the 
surrounding tissues and partly by mechanical pressure voy tr" 
cortex and epiblema, ts gr 


ioe Sy A ding t e authors, i A 
ormal way. Accor ing to some au B 
chemical dissolution of the cortical tissues by the root cap place 
when the root cap forces its way out. E 
— roots mà evelop from 
ts— These y deve rr Su 


. Origin o, Adventitious roo 
2 s y f the main root other 


stems, from regions o 


v E T h t stems o p 
leaves. In the roots an r X 
imordia, $ 
lo endogeneously from the pr so siete Y 
develop Primordia of adventitious T S and 


geneously. _ 
formed from the epidermis t 
hypocotyls, from ray parenc 
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interfascicular i ericycle, from non differentiated 
-— phlocm copo eri the vascular bundles, from 
leaf margins and petioles etc. In some species of selig 
roots develop from primordia which appear m t ° 
‘Wem prior to its removal asa cutting. These primordia are forme 
"from secondary parenchymatous tissue in the branch and leaf-gaps. 
Tension of such a primordium takes place by the activities of 
several layers of cells external to the cambium. 


79 THE PETIOLE 


petioles of dicot and monocot leaves contain the same type of tissues, 
in similar arrangement as in the stems. 
| Salient features :— 


The epidermis is provided with multicellular hairs and stomata. 
Ground tissue contains chloroplast containing cells. t 
Collenchyma or sclerenchyma occurs as mechanical tissues. 
- (4) Vascular bundles are collateral, bicollateral or centric type and the vascular 
mm a great diversity in arrangements, ie. phloem facing abaxially or 
and xylem adaxially or abaxially respectively. 


l. Structure oF THE PETI 
stellata, Nymphaeaceae)—Trans 


OLE OF WATER LILY (Nymphaea 
Verse section th 


i rough the; petiole 
shows the following structures (Fig. 7.23) :— x P 


A. Epidermis—Uniseriate, composed of closely-packed, thinly: 
ticked rounded cells; multicellular unbranched hai : d 


ain chloroplasts. 


frequently. Epidermal cells cont 


airs are present 


B.G 
(e 
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occurring next t i i 

ane g © the epidermis, cells of which contain 

(b) a mass of thin-wall 
r -walled, loosely a 

eh der air chambers. Trichosclereids (a type e a 
es eir thin hair-like branches are found $. aiad 
chambers ; these sclereids are often with d ri. 
Oxalate crystals. MES 


(b) larger with two 

t l phloem groups (doub 

pera are absent—hence vascular As M , eo 
nly of phloem. Xylem vessel in each bundle is represente 
acuna Or cavity. RN 


6.9 THE LEAF 


The leaf is a lateral expansion of the axi i n 
plant organ where all vital functions in tion to PENNE e 
take place. Generally, a leaf consists of (1) leaf blade o 
(2) petiole and (3) leaf base—sometimes leaf is sessile, ie. 
penas. á In this section only the anatomy of lamina or 
described. 


Salient features in the internal structure of leaf blades :— 


(a) There are two epidermis i.e. upper and lower, both are c 
‘stomata either may occur on both the epidermis layers or on lower epid 


(b) Ground tissue is differentiated as mesophyll tissue which is © 
homogeneous or heterogeneous (i.e. differentiated into pa h 
parenchyma cells). 
(c) Vascular bundles are closed. collateral ; xylem mesarch (protoxyle: 
‘the centre due to early maturation and surrounded by lately developed 
Arrangement of xylem and phloem tissues in each bundle is 2 ie, xylem 


towards the upper epidermis and phloem towards the lower epic 
bundle is surrounded by one or two rows of parenchymatous 


bundle sheath. : 
I. Dorsiventral or Bifacial Leaves—When leaves are in | 


zontal position with upper and lower surfaces, and mesoph: 
is differentiated into upper palisade and lower spongy pare 
the leaf is said to be dorsiventral. Internal structures 


common dorsiventral leaves are described below :— 
1. LEAF or MANGO (Mangifera indica, Anacardiaceae) — 
verse section through the leaf blade of mango lea 


following plan of arrangement of tissues (Fig. 7.24) :— 
A. Epidermis—There are two eer layers E. upi 
epidermis—both are uniseriate and composed cor 
d. lar cells, the outer walls of which are cuticled. S 


arranged tabu i u 
occur on the lower epidermis only. 
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of abundant chloro i 
plast bearing columna 
parenchyma composed of isodiametric onl pe 
roplast bearing cells with profuse intercellular spaces. ~ 


C. Vascular bundles—Like that of mango leaf. > 


ion of banyan leaf, C—Cuticle, Ue—1 
Cys— Cystolith, PP — Palisade p: 
Sc- Sub-stomatal 

Lower epidermis, S 


Apocynacee)—Fig 


Fig. 7.25—T. s. of a port 
epidermis, X— Xylem, 
P—Phloem, Sp—Sponsy. tissue, 

Bse — Bundle sheath extension, Le — 

3. LzAr-or OLEANDER (Nerium oleander, 


— Both upper and lower epidermal layers are m 
few-layered compactly-set cells QUE 
mal layers are thickly-cutic 


A. Epidermis 
seriate i.e. composed of 
of the cells of both the epider 


Cuticle 


Upper 
Palisade W 
Parenchyma X 


p 


Spongy 
Vs Parenchyma 


B 


Lower  . 
Epidermis | 
Fig. 7.26—T- $ of a portion of Nerium leaf. S—Stoniae 
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1 lower epidermis and they are situated in stomatal 
m E numerous trichomes develop from lower 
bordering the pit. From upper epidermis multicellu- 


En. 
E 


hyll tissue is differentiated into palisade and spongy 
1: palisade parenchyma occurs both towards the upper and 
mal layers and spongy parenchyma lies in between them. 
r is, palisade cells occur in 3-4 layers which are 
Wet and columnar practically without any intercellular 
owards the lower epidermis only one layer of columnar 
set palisade cells occur—palisade cells of both the epider- 
|! contain abundant chloroplasts. Spongy cells occurring 
t two palisade layers are isodiametric and loosely arranged 
x spaces. Crystals of calcium oxalate are present in 


; bundles are closed and collateral, lie in between 
d spongy tissues ; they are surrounded by parenchymatous 


iloem tissues are situated on the u 
vm pper and lower 
'OF BANANA (Musa sapientum, Musacez)—Fig. 7.27 


The upper and lower epi 
n | pidermal layers are ma 
Arranged oval cells with Cuticularised outer walls, p^ 
cam Stomata are present on the lower epidermis. 
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B. Sub-epidermal layers—This layer i 

ó yer is composed of ` 
thin-walled parenchyma cells and lies next to both - 
epidermal layers. Cells of this layer do not contain chloropls 


C. Mesophyll—It is differentiated into (a r ty 
layered palisade and (b) lower few-layered Q 
Palisade parenchyma is composed of closely-packed, lon 
and chloroplast bearing cells with little intercellular spac 
spongy parenchyma is composed of isodiametric, chloroplast: 
cells with much intercellular spaces. Large air spaces T 
towards the lower side. 


D. Vascular bundles are collateral and closed.  Vascu 
are reduced with little amount of xylem, each bundle is su 
by a single-layered parenchymatous bundle sheath. Sc 
tous patches also occur on the upper and lower sides oft 
forming I-girders. 

II. Isobilateral or Isolateral Leaves : 


(a) These leaves are not clearly dorsiventrally 
(b) Stomata occur on both the epidermal layers. (c) Mesoph' 
is of one kind i.e. not differentiated into palisade and spot 
Leaves of monocotyledons are generally isobilateral. 


1. Lear or BAMBOO (Bambusa Sp., Graminez)—T.s. th 
leaf blade shows the following structures (Fig. 7.28) — 1 


There are two epidermal layers, viz. 


à idermis— | 
n cdi posed of compactly-set, 


lower epidermis—both are com 


UPPER MESOPHYLL 


BULLIFORM 
EPIDERMIS TISSUE 


si unn: 
STU ase 


ir 
BUNDLE SHEATH STOMA E r y 


.) leaf. 
i - rtion of bamboo (Bambusa sD: ) ñ 
Pi cT Son College Botany, after S. Das), 3 


i —outer cell ¥ 
ithout intercellular spaces "hio 
sn t iri are thinly cuticled while lower one 
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Sromata are present mainly on the lower epidermis. „Some of the 
i ide m eter and swollen forming bulliform 
A. of silica in epidermal cells is a common feature. 
Nome epidermal outgrowths in the form of stiff pointed hairs are 
alvo. present. 


B. —It is composed of compactly arranged cells of one 
ely of mesophyll tissue are palisade-like but shorter. 
Pad forming air chambers are present here and there. 
C. Vascular bundles are collateral, closed and are of different 
sizes which alternate with one another in parallel series. Both types 
of bundles are surrounded by double bundle sheaths (Met 


calfe, 1956) 
of an inner sheath with thickened walls (mestome sheath) 


aad an outer thin-walled sheath. In larger bundles two patches of 
elow the bundle 


MZE (Zea mays, Graminez)— T s. thro t 
A tom following internal structures (Fig. 7.29) .— e It 
) Outer walls of both the 
re evenly €uticled. . Stomata occur on both the 
and are E with Subsidiary cells, silica etc, - 
arts. i 1 
ton the ups E. arge and empty bulliform 


Closed . bu 
> bund) 
aralle] Series. Banc’ 
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are provided with only one thin-walled bumdle sheath. In 
bundles, two patches of sclerenchyma occur,—one above 
other below the bundle. Arrangement of xylem and philo 
bundle and their compositions are like that of other typic 1 le; 


3. LEAF OF DATEPALM (Phoenix sylvestris, Palmæ)} Tis. 
the leaf blade shows the following structures (Fig. 7.30) : 


A. Epidermis—As usual two i.e. upper and lower 
both are uniseriate and composed of compactly a ed 
cells with outer walls cuticularised. Stomata are present or 
epidermal layers. Internal to these two epidermal layers, 8 
scanty chloroplast bearing parenchyma cells forming sub. 
layer or so-called hypodermis is present. 


Sclerenchyma Patches 


a 
Sclerenchyma Patches 


Xylem Phloem 
0—T. s. ofa portion of datepalm (Phoenix 


one kind of tissue which Pa c 


enchymatous patches occur 
oii batt x and lower Su 


isodiametric cells. 
es eries towards both the upper 


Fig. 7.3 sylvestris) af. 


d and are of two K 
C. Vascular bundles— Collateral, clos mes aro o AD 
ical ie. xylem facin 


J -girders. ; dud 

F T UBE-ROSE (Polianthes tuberosa, M 

of the teat blade shows the following internal yeas 

e 

idermis—Both the upper and lower pi er 
AH f closely-packed ova 


iseri nd composed o Me 
pe ceder outer walls. Stomata are Pr | 


epidermal layers. 
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tissue f only 

Mesophyll i iated but composed of on 

vs hans of doa BE Tilropisst bearing cells with 
spaces. 


MESOPHYLL TISSUE 


Fig. 7.31—T. s. of a Portion of tube-rose (Polianthes tuberosa) leaf. 
ed from College Botany, after K. S. Das b 


C. Vascular bundles are collater 
‘St regular intervals. Fach bundle contains 
Sells at the two ends, and i 


and is surrounded b a uniseriate bundle 
somposed of parenchyma lls. H Praet 


HL Centric Leaves. 
Leaves of 


: Phyll cells form a 
LEAF OF ONION (Allium cepa, Lili 
Aves asya pa, 1 laceae)—The leaf is tubular in 
shape ctures (ie 7.32) rough the leaf Shows the following 


A. Epidermis _ Onl A 

the circumference. Epidenma d ste 8 continuous layer around 

compactly arranged small d ciere and composed 

amd i Cuticularised Slightly 4 cells, the outer walls of which ^ 
A e 

Jh m “pressed stomata are present here 

dOPhyll tissue is diferen 
The palisade parenchyma, eos ettiated into two types of cell 
(arena cas beneath the epi of columnar cells wi ^ 
eath thi 


^ Idermis : 
I$ palisade tissue lies spongy A "w ada 
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of isodiametric cells with scanty chloroplasts. Mi 


by conspicuous air s i 
paces. The centre is occu 
surrounded by remnants of parenchyma cells devoid of c 


Tc 


Fig. 7.32— T. s. of onion (Allium cepa) leaf. A—Diagrammatic repre 
of the entire leaf. B—Portion of the leaf showing e—epiden 
P—Palisade tissue, S—Spongy tissue, Vb —Vascular 

bundle. (Adapted from Esau, 1962). 


C. Vascular bundles remain scattered in spongy pat 
they are collateral and closed. Each bundle is surrounde 
thick-walled parenchymatous bundle sheath. 


6.10 Leaf of Water Lily (Nymphaea sp., Nympheace 
aquatic dicotyledon)—T.s. through the leaf blade shows the f 


structures (Fig. 7.33) :— 


A. Epidermis—There are two epidermal layers, i.e. Up 


lower; both are composed of compactly-set cells, the 
of which are thinly 

TTE Stomata are present om Im 

III | epidermis only ; due to the 

it} Wen tion of waxy substances on t 

|t L) cell walls of the upper epi 

ve " ; Pi the cuticle is more Or 


B. Mesophyll is diffe 
into upper few-layeret 
parenchyma cells and lov 
arranged spongy parenchy 
large air chambers are P 
the mesophyll. 
sclereids are often pre 


mesophyll. 


f a portion of syst 
Adapted from duri 


Fig. 7.33—T.s- O 
leaf. ( 
Nymphaea, 1962). 


composed of little amount 


sheath and is 
and phloem. 
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Centric 
| bilateral and 
Dorsiventral, Iso 

7.11 Comparison between 


a Isobilateral Centric 
indien! 
leaves ledonous e.g-Narrow pteeden 
ec Banana š pia or acicular 
a "c of onion, pine etc. 
monocot) 


= 


p 


Ll 


. Epidermisis only one 
i l layers are 1 : du ind 
Eemal layers are 1. Epidermal layers are continuous arou 
mes) pig ta are present 
ta are present 2, Stomata as 
— 9 ox 3 wp the epi- along the circi 
Ei p y dermal layers. ference. am 
a tissue is 3. Mesophyll tissue is 3. ees pus n 
—— era e T P "Ese iii 
palsade isting of chloro- c Y ) C 
E mie San bering isodia- ie. eg aes 
oriented at metric cells (ig, palisade an s Š g 
mer i tothe spongy perum. seriem oe 
upper epidermis. like) or consisting o upp * 
i alisade parenchyma 
Leg age form a continuous 
layer. 
Vascular bundles dles 4. Vascular ^ bundles 
irregularly disposed E 3 mat. t. hi Nr oue are either arranged 
i ing to para- irregularly in aring 
Sot arranged serially line owing p: i 
in à lioc. liel venation. xd side by side in 
a line, 
SELECTED QUESTIONS 
1, Give a general account of internal structures of dicotyledonous stems you 
‘Studied. 
Refer article 7.1, 1 
2 


ee general | of the internal Structures of monocotyledonous 
stems you have studied. 
Refer article 74, HI 


the interna] Structures of di i 
M €s of dicot stem With th 


at of monocot stem. 
the internal structures of dicot stem wi i 
t th that of dicot 
Monocot stem with that ol monoco T: ii INE 
Refer articles 75 and 2 ç SER 


i ures of dorsiventy. 11 

an obi ai leaf. How does it diffe 

ne 4 Land Tier cent C types of |, f? E 
à comparative account 

isobilateral and centric type ç 

Refer article 7,11 ie type of 


Of the inter, ` 
leaves, nal structures of dorsiventra], 
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10. Describe the internal structure of N; petio! 
ymphaea 
Refer article 7.8 ^ 
11. Givea comparative acco 
pion compe: unt of the structure of the leaf of 
Refer articles 7.9, I (3) and 7.10 


12. Give an illustrated account of the diff types 
of vascular tissue in plants. — g 


Or, Give an account of the transition in the course of the 
from the root to the stem in cases of a typical dicotyledon 
which part of the plant body this transition takes place ? 
Refer article 7.7 

13. Give a comparative account of the anatomical structures of ro 
leaf of any angiosperms and gymnosperms that you have studi 


Gymnosperms — 


Angiosperms 


1. The stem: Stems of angio- 1. The stems of Coniferae (e. 
sperms may show distinct epidermis, show epidermis, cortex and | 
cortex and stele (e.g. dicot) or epi- dicot stems. Cortex parenc 
dermis and stele (monocot) only. contains resin ducts. e 
Cortex is either homogeneous or derm arises beneath the epid 
heterogeneous, may contain ducts. 
Periderm formation takes place 
beneath the epidermis. 

Vascular bundles are arranged either 7 
in a ring (dicot) or they may be scattered a ring asin dicots; collater 
within ground parenchyma (monocot). open. In primary state, the 
Vascular bundles are collateral or cular regions are relatively oW. 

um, composed 


bicollateral, open or closed. Interfasci- vascular cambium, j 
cular regions are narrow to very narrow cular and interfascicular parts. c 
(in dicots). Xylem is composed of three continuous cylinder of s 
elements e.g. xylem parenchyma, Wc and secondary xylem. 
and tracheids, wood is porous, either im 
ring porous or diffuse porous. Phloem NS diet 
composed of three elements, viz phloem Beene ‘tho xylem él r^ 
parenchyma, companion cells and sieve Aahe Pipe tether or phi 

tubes. Secondary growth, both normal it M of sieve cells, 
and anomalous, is seen in dicots ; in ‘ceils sist sometimes fibres; com 
some monocot anomalous growth is Cells are absent. Resin ducts mi 
resent, present in secondary wood. 

parenchymatous and distinct 
2. The leaf: Angiosperm leaves Sc Creer ° pr 
are variable in structure. co once Sie) or differe 


orsiventral & d lower, 
stomata sun" 


differentia 


Vascular bundles are 


Refer article 7.9 (D 
isobilateral leaves). 


bundle is surround 
tissue known as £7 
f roots is 

i m roots 3. Structure O 
AP et int epi- dicot—roots ae E TO : 
polyarch types. econdary 


3. The root: 
internally differen 


dermis (epiblema), 073, » stele. pora 
i refer a . 7.3, D- j 
spot: ot (refer article, 7-3, II) cular tiss! 


CHAPTER vut Secondary Growth in Thickness 


i a 
ccurs distant from the apices as 
2 rk. da 4 ate eens of stem and root through u 
LÀ secondary vascular and other tissues by the activities d 
lateral rm like vascular cambium and phellogen (i.e. cor 
cambium) is referred to as secondary growth in thickness. The tissues 
4 during secondary growth are termed secondary tissues. 
[olet constitute the secondary body of the plant. 


Secondary increase in thickness is noticed in gymnosperms, woody 
poo em dicotyledons, and also in some monocotyledons, 
—this type of growth starts as soon as the primary increase in 
thickness (due to the enlargement and divisions of the cells of 
primary tissues by the activities of apical meristems) stops. 

8.2 Secondary Growth in a typical Dicotyledonous Stem: 


ie. common type of Secondary growth is found in erect stems 
those of members of Composi 


itae, Tiliaceae, Malvaceae etc. 
and in many other dicots. 
In stem, the secondary growth in thickness is confined both in the 
intrastelar (i.e. 


» Within the stele) and in the e 
Stele, ie. in the cortex) regions. The secondary growth of stem is 
about by the activity of the cambium (Fig. 8.1), 

L Growrn in INTRASTELAR REGION ; 
The rage of = Vascular bundle is called 

es at the initial stage by tan ential i 

r Ee tissue on the outside and Eau m. 
inside ; in the mean time som 
a line with the fascicular cambi ary Tay cells 
interfascicular cambium—these t 


ascicular cambia join with 
ring called bi E J ith each 


xtrastelar (outside the 


WO cambia i.e. fascicular 


Br other to form 


cambium ring als 
cells in radial directions which m 


i f Parench 
om Secondary Phloem ta 
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secondary xylem or to 


parenchyma are known Phloem and xylem alone—these 


as secondary medullary rays or 


Periderm| Phellogen 
Phelloderm 

Pericyclic Fibres 
Primary Phloem 
Secondary Phloem 
Primary Xylem 
Secondary Xylem 


Secondary 
Medullary Rays 


Lenticel 


Fig. 8.1 A—D-—Secondary growth in stem showing diffe 
stages (diagrammatic). - ( 
The cambium is always more active on the inner 


he xylem increases in bulk mo 
Due to continu 


d by it—con 


rays. 
the outerside, as a result t 
phloem and forms a compact mass. 
of secondary xylem, 8 pressure is exerte 
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i hed’ 

i tissues are gradually pus 
EM. also get stretched. But the 
er with secondary xylem remains intact in or 
Thus increase in thickness in the stelar region 


i rowth rings or growth layers. takes 
T Real act vity of the cambium. This periodical 
pbium is due to variations in environmental 
rse sections these growth rings appear as 
be they are known as growth. rings. Generally 
he activities of the cambium is seasonal, i.e. 

tive during spring producing greater amount 
| üctive during winter producing smaller amount 
econdary xylem formed in a year constitutes a 
$0 called an annual ring. 


ELAR REGION 


f ness in the cortical region is performed by 
Y phellogen which cuts off cork cells to the outside 
ical cells or. phelloderm towards inside. 

t the early stage of their formation and constitute 


Sgen and 


1 phelloderm—these three 
Ondary tissu 


i together 
€ in the cortex and are k 


nown as 


i Phellogen in different 
lying tissues, bark (dead tissue remaining outside 
considerable thickness IS produced. Because the 
E in certain regions is not constantly active 


fter a short time; th 
°eper layer and so on. We En. another 


as repeated activities of the 


the activit 
Pores of special form ls 


avi 

developed inthe ba tioni 
oma takes place. hese pores j 

: Er the Stomata and later by the growth and 
: Eo ad plementary Cells) by the Phello- 
D. omp ementary cells are exposed 
Growth in Monocot S 

tem (Fj 
E. (Fig. 8.2) 


es are close “ts DO secondary growth takes 
ipsia ie ithout campi , hence 
tree-like wo (i Paty tissu i 
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In Dracaena, 


-embedded in the 


Epidermis, 


> Cork Cells 


Cortex 


Conjunctive 


Xylem Phloem. 


Fig. 8.2—T. s. of a portion of Dracaena 
stem showing secondary growth. 


‘parenchyma cells i.e. conjunctive tiss 


embedded. 


Typical periderm formation by the activity | 
but storied cork cells, 


are formed by the continuous pericl 1 
Jls (e.g. Dracaena) and their sube 


in monocot stem 


cortical parenchyma ce 
8.4 Secondary Growt 


In woody and herbaceous dicotyl 
n thickness by the 
ular bundles are 


secondary increase i 
tem. In roots, vasc 
absent. At the time 


cells beneath each phloem grou. 
the number 


form cambium strips (secondary) ; 
number of phloem groups (e.g. 
in tetrach, four cambium strips a 
of the pericy 
like cambium and 

ells now divide, ex 


begin to p 
pand latera 
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Cordyline etc. a thi 

; ) . a th 

oM Kv beneath the epidermis fori RED calle 
cortex a zone of scattered Jeptocentric vascular | 

ground parenchyma is present. 


h in Dicot Root : 


cle against. each protoxylem g 
lly on both sides an 


a the time of seco 
growth in these d 

of the innermost EN i 
tous cells of the cortex bee 
meristematic ; these meristen 
cells divides tangentially Í 
ing a band of secondary 4 
bium, a few layers in 
Secondary cambium is. 

posed of rectangular fusil 
cells—these cambial cells do 
produce secondary | 
towards outside and sec 
xylem towards inside as in! 
mal case (as seen in dic 
but cuts off secondary tiss 
on the inner side first and t 
small amount of new tiss 
on the outer side ; these ne 
formed inner secondary tisst 
later directly differentiate 
oval-shaped, leptocentric 
collateral vascular bun 
radially arranged parenc 
cells called conjunctive 

Within this radially 4 
ue the vascular bundles 


of phellogen is l: 
forming a protective 
inal division of per 


rization. | 


edonous plants, roots und 
formation of secondary m 
cambium. 


radial, primary 
th, some of the parer 
meristematic and 
of strips is equ 
hree cambium 
At the same ti 


layers. The 
d join 


x 
I 
| " 
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active the cle—thus a complete, Wavy cambium 
im d rer groups is formed. The first-formed 
EE o phigem groups but external to xylem groups, 


Fig. 8.3—T. s. of the stele of dicot 
root showing the formation of the 
cambium ring during secondary 
growth. 

Per—Pericycle, En—Endodermis, 

C—Cambium, Sxy—Secondary xylem, 

Sph—Secondary phloem, 

Pph—Primary phloem, 

Px—Primary xylem. 


to produce much more secondary xylem than 
uch r phloem and also 
= he the pericyclic part of the cambium—as a result, the first- 


Cork-Cambium 
— 
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‘formed cambium moves outwards and ultimately its circu 
ibecomes circular in transverse section. i 


Next the entire cambium ring produces secondary phi è 
‘xylem cells by periclinal divisions. As a result collaterally ar 
vascular tissues like that of stem are formed, In some m 


cambium originating in the pericycle produces broad ray 
or medullary rays. 


Periderm formation follows the initiation of secondary 3 
growth—cork cambium or phellogen arises in the outer cells 
pericycle, it produces phellem or cork cells towards the « 
and may or may not produce phelloderm towards inside. 


Owing to the pressure as a result of the combined 
thickness of the vascular tissues and of the pericycle, | 


i 'oot 

ion of a portion of Tinospora t. 
Fig. 8.5—Transverse Ze of i, growth wo 
— Primary phloem, Sph —Secondary p oem; (Ada 

iM € Sie Ka— Rays, Pay Ds Bs ( 
Say SR College Botany, after K. S. 


beco i hed off together % 
dand ultimately sloug ; : 
becomes Md epiblema, i.e. epidermis (Fig. 8.5) 
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i jor consti- 

Secondary dary xylem is the major (lie 

= E imc of the plant, ee 

— hha " Bot plants. It is produced by dS, ix 

— eso hata stem and root, and it Cpe Mp: 

— Ed essel members, fibres of diffe ypes, 

pend ay cells and sometimes orelor a 

oen mmt of main functions like mec ani " 

Er water and other gee teed 

s mr absorbed by roots. Cep ga sae M, of 

secondary xylem provide storage space for s. "a Rug 
Economical ndary xylem is of great importance 

tutes the Rie cad wood of commerce. 


itis very difficult to distinguish between the primary 


istinguishi between 
till the best distinguishing feature 
med. E length of the tracheary elements (Bailey, 1944). 
The first formed trach 


eary elements of secondary xylem are much 
shorter than the tracheary elements of primary xylem. 


STRUCTURE OF SECONDARY XYLEM—Sec 
vf a closely-compacted mass of thick-wall 
to form two distinct systems—(i) the axi 
and (ii) the radial (transverse or horiz 


Tracheary elements are the specialised more or leg 


S elongated 
living at maturity, having lignified walls 
Secondary thickeni i 
$, e.g. 


There are two 
tracheids and vessel 
). Tracheids are i 


; Water moves 
in tracheids 
1 red by the Presence 
À ug . OF superimposed 
Ccur in nal series constituti i 
are shorter and larger than those of primary xylene "Sime which 
Pits are found in the secon 2 
vessel members. 


` p 
tracheids and 
Tracheary elements n 
uction of water. Mf Concerned 


libri 
it i Ss ave Simple pits, Tum 
° thin transverse Walls hes NER pes of : 
Secondary wa 3 are formed, Thi i 


umen 
18 type of transverse wa tee the 
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septa and the fibres are called se 
e ptate fibres. 
concerned with the storage of reserve areal — 


The secondary xylem parenchyma is 

parenchyma, e.g. the axial parenchyma’ ead the NB 
regarding their wall structure and content, both tissues 
may vary considerably. These living parenchyma cells 
concerned with the storage of reserved materials like starch, i 
many other ergastic substances like tannins, crystals etc. No 
the cells have no secondary walls; if secondary walls are p 
the pit pairs between the parenchyma cells may be bord 
bordered or simple. In many plants the cells of both type j 
parenchyma form protuberances which penetrate throughi 
into the inactive or injured vessels of xylem tissue—these prot 
ances are called tyloses. Some parenchyma cells may b 
sclerified by the formation of thick walls—these are 
sclerotic cells or sclereids. The axial parenchyma cells are di 
from elongated fusiform cambial cells while ray parenchyl 
originate from special, relatively short cambial initials. On the b 
of the structure, radial parenchyma cells may be of two categories, 
(a) procumbent ray cells (when the longest diameter of a ray ee 
oriented radially) and (b) upright ray cells (when a ray cell ise 
ted axially). These two kinds of ray cells are oft 
and are called heterocellular or heterogenous, but rays comp 
one kind of cell are called homocellular or homogeneous. 
parenchyma may occur in association with vessels and 
tracheary elements or may be independent of the vessels—the 
condition is called paratracheal parenchyma and the latter apo 


parenchyma. 1 
ANNUAL RINGS OR GROWTH RINGS (Fig. 8.7)—In woody peren 
dicotyledons of temperate and tropical sen per 
changes, as a result of secondary increase 1n Er: a in t 
secondary wood or secondary xylem is forme d me 
of concentric layers of different wood elemen ve A 
appear as rings, P Ee xe Ma eh a i Med 
i . An annual ri À a 
PA olet manu two different kinds of ppe Re a 
SEE RAT r i Me ciate pem (sometimes no 
Nel rhe docerent ofthese two od be i 
elect elements is due to the seasonal variations 1 j 


i ical countries W! 
cambium ring. In temperate and trop ee arge s 


mbium ring during spring aces | 

ae tb bee no fibrous elements, so a emm D : 
of cor ere a: bated z ds fibres with 
whereas in summer, the cam bw. ; 4 
] elements in the sec ‘ate 

eer kelhia = dark and it consists of fibres mai ly: 


two woods ar 
layers. An annu 
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> 

od which inner layer and ‘late wood’ or 

| E i) eg which is an outer layer. 
layers of wood are distinct, there form distinct 
rs. These two types of adding secondary wood 
are due to the annual alternating change 
at periods i.e. ‘seasonal variation’ as a result 
cambium ring, e.g. in early wood new leaves 
—water conducting elements are in demand 
nore quantity of vessels. 

Or growth ring thus comprises ‘early wood’ and 
mts a seasonal increment in one year so the 
transverse section of wood can be somewhat 
it is difficult as the two woods merge with each 
annual ring indistinct. Annual rings become 
nce of large and numerous vessels in early 


false or pseudo-annual ring often takes place 
of normal formation of xylem followed by 
hinthe same period. Premature development 
asa result of drought, defoliation and other 
E Quercus sp. the terminal bud may resume 
. in late summer and Which is accompanied by 
ie annual ring. 
AND DIFFUSE Porous Woop (Fig. 8.6 


„Tings of the wood are traversed b 
diameters. In cross- 4 


)—Generally 


š conspicuous 
section vessels look like pores, 


— S 


D 
1/1} 
aC 


Hd 


Ai 
et 7) 
MAL 


s TIA 
PR 
SSS 


Section of Secondary xy] i 
Wood. (Adapted from College Borin a 
> 
D E Porous Wood means sec 
. ~n the basis of the distributio 


se Porous . 
er K. S. Das).: 2 


ondary xylem 
n Of pores in 
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growth layer, woods are classified into two types, 

porous wood where pores are not uniform in size and poi 
wood are distinctly larger than late wood and appear to | 
(b) diffuse porous wood, where pores are uniform in n 
growth ring and distributed from early to late wood. 


TYLOSES—Tyloses (singular : tylosis) are ballon-like pn 
or outgrowths of parts of cell walls of axial and fi 
cells, projecting inside the xylem vessels tea b 
(Fig. 8.7). Tyloses are found mainly in the vessels 
xylem after they (i.e. vessels) become inactive or into tl 
secondary xylem tissue that has been injured ; somet: 
may occur in the vessels of the primary xylem. 
formed by the enlargement of the pit membranes of- 
pit pairs between parenchyma cells and vessels or traci 
delicate pit membrane expands and grows pushing out 0 
cavity and protrudes far into the lumen of the adj 


TYLOSES 


i — in longitudinal (A) and transverse (B) 
my meer College Botany, after K. S. Das) 


d part of the cytoplasm of the parenchyma 


igrate into 
i is is formed generally migrate - 
regni Tee sanh and ergastic pee bree 
They are thin-walled but may develop 


differentiate into sclereids. 


The nucleus an 


i s, €. 
iosperm xylem vessels, 
Ç ordi Catalpa, Quercus 


Pood and add to the durability of the wood by blo 
they are also known to o 


in connection 
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some cases, i ifer wood is 
i esin canals of coni 
ele by the op x pete tg 
called tylosoids. Tylosoids re 
— ” 


f wood-zone 

Sarwooo HEARTWOOD—In a stem, two types o 

afer the formation of Corsi appre: ET pada 
recently formed outer zone o suc ( j a 

ed living cells* that are stil) functional in con 


BARK 


SAP WOOD 


ANNUAL RINGS 


j ~ XYLEM Rays 
Addition to tra. : 
cheary elements and fibres 
IS concerned _ 
: Fig. 8.8—T. S. of a portion of t howi 
cord I sapwood and heartwood, (Adapted Poning 
o a ge o College Botany, after K, S. Das). 
Sapwood is gradually Converted into heartwood. Ç i 
r ` Conversion 
Of heartwood = mPwood Involves a number of important 
ge > Die n of Protoplast in living cells 
3 E ^ 


Tlwood, Someti Olid co 
E CU result of Pathological con, dition’ heartwood may 
addition ^ 


356 STUDIES IN BOTANY 


point of view, heartwood i cmd 
is more for 
of commerce. Ms 


8.6 Secondary Phloem: Second i [ 
tangential divisions of the cambium cells ees o 
stele. Generally the secondary phloem constitutes a. 
prominent part of stem, branch or a root than seco 
The amount of secondary phloem produced by the 
generally smaller than thaf ot secondary xylem. Asam 
formation of secondary phloem, the primary, ie. ¢ 
becomes crushed and ultimately the non-functional 
separated from the axis by the periderm. y 


The arrangement of cell elements of the secondary ph 
that of secondary xylem, i.e. cell types are arranged int 
e.g. axial (vertical) and radial (horizontal). Axial system 
sieve elements (sieve cells and sieve tubes with compan 
sclerenchyma cells (phloem fibres and sclereids) and phlo 
chyma cells ; radial system includes only parenchyma 
by ray initials of the cambium. The cell types of 
are derived from the fusiform initials of the cam 
elements of this system are mainly concerned with the 
conduction of food matters while sclerenchyma and p: 
do the function of support, and storage and transloca 
substances respectively. 

In gymnosperms, the axial system is composed of sie 
parenchyma cells and often fibres, sclereids etc. may also 
rays are uniseriate, may contain parenchyma cells lD: 
cells. The sieve elements are composed of long cells 
numerous sieve areas restricted to the radial faces. Fa 
cells may either remain as single cells or form stra g 
perms (dicot) the secondary phloem varies regard oi 
arrangement and size of cells. Axial system iama ly 1 
sieve tubes, companion cells and parenchyma ; r pak 
or present—when present, fibres may be scattered or 
tangential bands in parallel Mind m 

epending upon the characteristics of the Cam. ow e 
Pee may be eatiied or non-stratified having inclin 
with compound sieve plates. Stratified phios ae 
short sieve tubes having slightly inclined "E pus ; 
with simple sieve plates (i.e. sieve plate is either P 


one or few sieve areas). A 
The rays of secondary phloem resemble ud i 
may be uniseriate or multiseriate and hich EI i 
mainly composed of parenchyma pec bu 
parenchyma cells with crystals or sclereids. i 
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E d Function š 
Cambium—its Origin, Structure an 
8.2 Vascular 


Origin—Cambium is a meristematic E oY ae 
| layers o jen — 
pomo e E davelop either as econ 
| Rn cos cylinder. In plants ame eem "s 
derived ambium strands or c 
= €" (ost nally secondary growth SEM 
p in dicots) later, a part of that procambium er 
—femam: meristematic (ie. remain undifferentiated at the tims o 
the formation of xylem and phloem) and gives rise to cambium 
| Poper (his cambium is a primary meristem and forms the fascicular 
of vascular cambium as occurring between the xylem and the sor 
Vascular cambium is often called lateral meristem due to its latera 
position. Sometimes cambium arises in the permanent tissue—the 
_ Sells Of such permanent tissus become meristematic, 
"my ma) become meristematic a 
- ‘meristems are formed in a line 
are called interfascicular cambium ; 


cells also become meristematic 
cambium or phell 


(b) the cortical 
and form cork 


cambium are 
. wxoadary in n while fascicular cambium is primary in origin 
a la plants there is no secondary growth (e.g monocots), all 
- ails of procambium Strands mature to form vascular bundles—no 
meristematic layer is left and thus fascicular cambium formation 

] um phloem is no taking place. 


later, such cami Strips are joined with 
pericycle due to lateral expansion. : Vibe 

Structure—Cambial Cells are generall i i 

i x a y thin-walled, 

Yacuolated gs with thin Peripheral cytoplasm, the ery 
large ; radia cell walls are Much thi t i " 
and dictyosomes and well de 1 M euis walls. 
feticulum are i Re 


t 
the a : i 
elon i Se 
* eid vip Ses Initials Constitute the pat 
a” of the amb aod € fusiform initials Constitute 
initials vars greatly, write’ 2 mbiu The s f fusifo 
cr iral rd ne Of the ray initials is more or vas 
tangential Sections, are arr in tan initials s in 
n E horizontal an SE niy definite transverse ae 
Temain at i E ie 
this type 9f cambium is Pee stone: cel nt ov hs im 
much longer fusiform cell. donee oe Stratified cam Wee 
o 


3 
58 Ee 


in which the fusiform initi i 
ials partíall 
ends, they are called FW OE non sirotiied MERO 3 


Radially orien : 
divisiónsor the estet ws or files of cells are produced by 
m initials; generally more xylem 
BI phloem cells are formed. Towards 
dL of the axis (stem or root) these cell 
tiate to form the axial em 
secondary xylem and towards the ou 
p differentiate into the axial system ¢ 
dary phloem. At certain se ns i 
ray Initial Wide zone of undifferentiated cells. 
B between the secondary xylem and 
phloem, those cells constitute the c 
but only one layer of true cambial 
present. So there are two theories 
x the cambium as an initiating layer, viz. 
cambium consists of one row of initi 
Pu Sn Dee of and (b) me it consists of seve 
usiform initia and initiating cells forming a cambium. 
ray initia O: (After produced by the ray initials differen 
2 parenchymatous vascular rays. 
In some monocots (e.g. Agave, Dracaena etc.), a type ol 
cambium is present in the peripheral region of the sti 
cambium gives rise to entire vascular bundles comprising bx 
and phloem on the inner side, and parenchyma tissue om t 
side (Cheadle, 1937). According to Cheadle (1937), 
known about the structure, function and the factors 
initiation and activity of this type of cambium; the Ce 
cambial region may be fusiform, rectangular or polygonal 


may vary in a single plant. 


fusiform initial 


um cells form new cells on bot 
lly and xylem internally. 
y and produces two daughter ` 

tent cambial cell and t 
forms either xylem or cell depending s p 
i. external n dean to cambium initial. Xylena 
mother cell by further division prod L 
phloem. The fusiform initial cons 
ray initials form the radial system of 


The phellogen or cork cambium i 
the cells cut off on the outside a 
hellem and those towards the insi 


phelloderm. 


nitials divide by tan 
re transformed into 
de form secondary 


ium—The cambium 
that are growing we 
lants hedge? continuously : 


e 


1 
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f 

etberband, cambium ceases i ivity with the commencement o 
unfavourable conditions as dares autumn, in plants oe 
temperate regions ; a this period cambium passes through ° 
ima n it becomes active in spring. From anatomica 
w d eed ofcambial cellstakes place in two stages 
MO w. as, (a) firstly the cambial cells become wider 
E (b) secondly the cells begin to divide as ee above. 

‘The radial walls of cambial cells usually become weakened with the 
> = ape of their cells ; in this stage the bark of stems and roots 
peeled easily. In later stages this easy separation of the 

bark from the xylem is also possible because of the increase in 
tember of cells in the cambial zone due to cell divisions. The 


Considerable research has been done t 


owards elucidating the 
factors that stimulate the season 


al activity of cambium. Various 


experiments have shown that auxin and gibberellin are among the 
factors that stimulate the cambial 


activity. Cytokinins, which are 

to stimulate cell division, may also affect cambial activity 

+ 1969). It has been shown experimentally by Digby and 

(1966) that the highest rate of cambial activity in Acer Sp. is 
in the presence of auxin, gi 


bberellin and kinetin together, 
There are various methods for 


š photosynthesisin 
2 ` cas, : " g 
carbon is incorporat © of active cambium 


ed in the », the radioactive 

detected by autoradiographic SU cell walls where it can be 
8.8 Periderm—its Structure, 
is a protective la i 

enlaces the epidermis (which dii p of Seco dary Origin, It 
aving continual se Sg s ee 18 shed) of Stems and roots 
of cork Y d uacular tissue is generally accom an s Pment of the 
formation fis o. firme 38 actually t Tmed h e the Tmation 
Sperms, som imes in in ody dicotyledons Periderm 
of herbaceous dicot plants, 5 and in older Darts of ste ymno- 
tissue and also along th develops near js and roots 
Organs. Peri o A € exposed faces after A Injured or dead 
the phellogen or Cork cambium, ” 5 tYPe of lateral mon Of plant 
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Structure of Perid 

i š lerm—Perider i 

of seats, or (a) ey Sih See pe ; 
E the phellem or cork— otective ll 

eT outside Le. centrifugally by: Eu “hapi ' 

ph erm—layer of living parenchyma tis fo Ç 

‚e. centripetally by the phellogen. E 


(a) Phellogen—Structur 
— e of th 
the vascular cambium ; this type of Ee 


Fig. 8.10—Diagram showing periderm formation. After 
Eames and MacDaniels, 1947). : r 


irregular i 
rectangular and r: 
absent in the phellogen cells except in 
develop. The phellogen cells contain withi 
sized vacuoles, sometimes chloroplasts and tannins. 
is a lateral secondary meristem which originates from 
living cells of the epidermis, cortex or phloem cells as : 
meristematic activity, and it produces tissues that compri 
the secondary plant body. 
The phellogen results in an increase of the diameter of 
axis by periclinal divisions in its cells. The phellog 
periclinally to give radially seriate files of cells, those to 
outside differentiate as phellem or cork and those towards 


as phelloderm or secondary cortex. ; 
re commonly known : ; 


b) Phellem—Cells of the phellem are c 
cells. The cells are more or less prismatic In shape althov 
flattened radially 


polygonal in tangential section and are 
section. In cross-section, the cork cells are genera y 


arranged compactly in radial rows 


spaces. The cork cells become non- 
in thickness and are 


of cork cells vary 
are non-suberised, called phelloid cells. 
distinct lamella covering the original primary 


rw 
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llow or 

lignified. lls may be coloured (yellow 

Fede cavities Ee s contain (Cui wes 

cR to ud ese] MacDaniels e e 1 de 
mon e.g. : 

Be aiy elongated cells like E bey 

e having thick-walle iall; 

fe oe ot 2 E filled with coloured. materials. 

eem of water loss is mainly secured by cork cells. 


CUR . 1 d 

Phelloderm— loderm are living with non-suberise 
eo: lH just Eel cells. Cells are loosely 
4n ind ited. Phelloderm cells differ from cortical on 
their definite arrangement in radial rows. Phelloderm ce ° 
contain sometimes sclereids and other special cells. In oe 
pon erm cells contain chloroplasts. Function of phelloderm 
cells is photosynthetic and storage of SIM TS 

Origin m—Appearance of first periderm generally 

place Em x of growth of stem or root—deeper 
periderm may appear subsequently in the same year or may not 


The origin of first periderm 


i 


takes place commonly in e sub- 
epidermal layer (i. e. in hypodermis, cortex etc.) or in the epidermis 
itself. In roots the first periderm originates in the pericycle just 
beneath the endodermis ; where the origin is hypodermal, ‘the 
is ruptured and it disintegrates very soon. 

The first Phellogen or cork cambium is initiated either uniformly 
Around the radius of the axis or; i i 
comes 


cells parenchyma cells of i 
upon the position of Phellogen—initiati 
therefore potenti 


“pape meristematic, The Phellogen 


Initials divide 
Produce the phellem and Phelloderm Outward]. 
: Peann. Phellogen of first periderm produces Dione cells 
Phellem Wardly than Phelloderm, the cells of Which 
Sometimes rest even toa Single layer, d 
agre E. ded mun function is to Protect the 
pth =. y the Corky an 


t underlying tissu 
and suberiseq es 
18 also secured by cork cella” layers, e prevention 
8.9 Polyderm, Rhyti : 
ytidome Storied k 
(a) Polyderm, Fe arte ek ele, 


š tisa Special t 
; ype of i ; 
plants belonging gayle of the root ang Protective tis 


ot and und ue which js 
ging to the f. nderground 
Polyderm consists of amilies Rog 


Stem of certa; 
aceae, Myrta rtain 
is com f once] diftat £ tissue-laye Soe nagraceae etc 
ells and in the othe ick, endodermis-| ne, the | 
T, the laye S made f ET uy suberised 
s thick 
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suberised cells. At the beginning of i iati 
into cork cells, Casparjen strips appear on die a 
e further development become entirely lined by a ube 
olyderm is usually several-cell layer in thickness but c 
outermost layer are dead while cells of inner layers are li 
non-suberised, these cells may serve as a storage tissue, 


(b) Rhytidome—It is nothing but the dea Da 
posed of tissue-layers isolated T rod Med 
periderm formation does not take place further. Rhytidome orig 
when periderm arises successively at greater depths causing. 
accumulation of dead tissues on the stem or root surface. Iti 
called outer bark. L 


(c) Storied cork—Storied cork is the protective tissue 
the stems of perennial monocotyledons. According to 
MacDaniels (1947), Tomlinson (1961), Esau (1962) and o 
thickened stems of monocotyledons e.g. species of Cordyline, | 
Curcuma and many Palmae a special type of protective t 
developed. This protective tissue is formed by the secondary 1 
of a storied meristem that appears in the outer parenchym 
region of the so-called cortex. The initials of this meristem ut 
3 to 8 periclinal divisions, as a result radially arranged layers 0 
which become suberised are produced. This suberised t 
cork is called storied cork because of its storied appe: 


transections. 
8.10 Lenticels—its Origin, Structure and Function š 


Lenticels are restricted areas of relatively loosely ai 
suberised or non-suberised cells in the periderm. Ina 
phellogen i.e. cork cambium is more active than elsewhere 

roduces tissues having much intercellular spaces in companii 

phellem. The lenticel phellogen has also inter I 
Apparently lenticels look like lens-shaped small pores. 11 s 
above the surrounding periderm due to their bigger size 


arrangement of cells. 
young stems b 


t lenticels appear frequently on n8: Ue 
sss of stomata during or Previa to the. o: 0 
by phellogen and thus form a part of peri el pu 
arenchyma cells lying just below the stoma Ora io 
Bivide and thus phellogen is established. The phe gi 


is continuous with cork phellogen b 


d due to its concave structure. 
Pell lying cells are pushed outwar 


is supine’. The mass 

s (i.e. loo 
Pi the A plimentary cells or fug qiie 
towards the inside is the phelloderm. £x n 
enlarge in size, lose their chloroplas : 
colourless —the formation of a m 
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xposes the 

raptures ta and thereby e e 
mau = F scd The Main walled E own 
Foun band of dense and Anni verat 

Lu Tm crt by such compac 
and the la 
as closing cells 


Es as closing layers. 


V. 
IA 


Vay) 5 MSA 


8.11—Lenticel in transverse section. cc— 
"s Pl—phellem, p— Phellogen, ph—phel 


complimentary cells, ep—epidermis, 

loderm. (After Eames 

and MacDaniels, 1947). 

4 Lenticel cells, i.e, complimentary cells „are thin- 
elongated and with intercellular spaces, while the p 
radially flattened. : 

The complete Structure of a lentice| look 
They are convex bo, i 


terior and th 
According to the Orientation of the 
| lenticels are described 


walled, radially 
hellem cells are 


z. 


ea in Species of Magnolia, Pyrus, Salix 


peci Tilia, Quercus etc. 
oosely arranged, non-suberised, e 
Te compa: 


ct and Suberj 
Seen in s cies 
Complimentary Or filling theo’, of 


Here 
omplimen. 
sed complimen- 


: etula, Fagus eto, Her 
n "n ad tissue i Made up of alternately atia 
the complimentary tien, and compact suberised cells - 
Ty tissue becomes layered. > AS a result 
I 
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Lenticels are found mainly on stems of 

also appear on young branches and other ee ori 
rough, dark patches which are somewhat raised above the | ] 
through which they erupt. In roots and fruits (apple, p 

lenticels also occur. In some plants, a lenticel may de 
each stoma or under a group of stomata ; in others lent 
develop between stomata, if the latter are sparsely distrib 
arrangement of lenticels on stems also varies. In s 
are arranged either in horizontal or vertical rows, but 
are irregularly scattered over the entire stem surface. In 
they generally appear in pairs—one lenticel on each 
lateral root. In storage roots e.g. conical roots of Daucus 
pairs of lenticels appear in vertical rows alongside the rows of | 
roots. In older roots lenticels are arranged irregularly. 


Lenticels are generally located in the periderm but 
appear at the bottom of cracks in the rhytidome. 


The main functions of lenticels lie in the protective 
establishing facilities of gaseous exchange because of the 
of the intercellular spaces of the lenticels and those of t 
tissues of the axial organ. Ei 

8.11 The Bark, its Structure, Development and Funet 


In stems and roots of woody dicotyledons and gymmnos| 
with the increase in age of the plant and consequent form 
series of periderm layers the tissues exterior to it become cut 
the nutrition and water supply and so die. Asa result a 
thick crust of dead tissue develops on the periphery 
This thick outer crust increases in thickness due to the a 
further cork layers which enclose patches of cortical tissue ; 
phloem. All the cork layers together with cortical and 
‘phloem tissues external to the innermost phellogen are called 


ibark or rhytidome, while all the tissues external to the vase 


cambium are termed bark. 


diameter of central stelar region In 
layers consisting of phellogen or cor 


cork tissue on 
Sh RR n side. The phellem or cor 


econdary cortical tissue in i. 
partie and ultimately dead. The dead phe o m 
and water supply to the tissues outside it, consequently : 
tissue or tissues lying ou 
comprise the first layer o 
series or layers of periderm fo: 


i ie. periderm 
because the first phellogen uere nm o pio a 


i med at grea V 
const EE S asunlatioh of dead dis : 
bark of cosiderable thickness on the dst p. pe 
This dead bark is composed of layers of det Sidera 
ring of phellem and layers of no-longer growing ; 
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i hers, the 
communis and others, t 

Ia oom m en the epidermis nett dee 

wi NEA m (ing sx ped m the subesquent 

ogen) and 4 

- oy tend ges Nes 3 larin sals p d A 

result - p rs are sloughed and a scaly M logs 

Ma A ork i faul in several concentric ring ha 

qd = ive layers of periderm as gaira eyla s 

— : f the stem so that the dead outer m nee 

h [o linder, the bark is called ring bark. etas 

Ae. Dus Platanus, Arbutus etc. t 4 Nah 
E orala he above two types ; in these plants the 

of pee off in the form of large sheets. 


1 


Fig. &12—T 5, of a portion of Tinospora stem Showing 
ark formation, 


chanicat 
drying up 
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8.12 Anomalous Primary Structures : 


Normally in monocotyledons, vascular bundles 
, are 
:arrangement on the ground parench in di dor 
are arranged in a fie parenchyma and NN 
In Species of Amaranthus (Amaranthacee), 
(Nyctaginacee) etc. primary vascular bundles are also if 
scattered in the ground tissues—those bundles are called n 
bundles. Again, accessory cortical vascular bundles are als 
in species of Calycanthus (Calycanthaceæ), Begonia Beg 
Nyctanthus (Oleacez) etc.—in these cases vascular bund 
to occur in the cortex. The cortical vascular bundles of Ny 
Sp. are inverted—there are four such bundles, each of | 
restricted at the ridged portion of the stem. 1 
Scattered arrangement of vascular bundles like that of mor 
also found in some dicotyledonous stems belonging to 
Ranunculacee, Berberidacee, Papaveracee, Nymp j 
Dioscorea sp. (Dioscoreaceæ), Triticum sp. (Gra i 
monocotyledons, vascular bundles are arranged in a ring like ! 

dicotyledonous stems. ; 
In Asparagus sp. (Liliaceae), well developed cortex like € 


js also well marked. 

8.13 Anomalous Secondary Structures of Stems 
Angiosperms : 

The secondary growth in thickness of stems and roots takes 
due to the formation of some new tissues (i.e. secondary 
the activity of the cambium. In normal type of secondary 8 
the cambium cuts off phloem (secondary) towards the ou 
xylem (secondary) towards the inner side, both in fascicular 
fascicular regions. In this type all the segments of the ca pes 
produce equal amount of xylem inwardly and phloem 


Xy—Xylem- 
Botany; 


eviations from this type OF! 


: here are d nal 
But in many plants t ere deviation from the norn 
etate pars which results in the development of: Bs 


secondary gt 
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je normal type is called anomalous secondary 
Fame: E MacDaniels (1947) anomaly i.e. 

rowth may appear in the following ways :— 


though persistent and normal in position has 
ie. abnormal activities and consequently it 
ues of unusual arrangement and proportion : 


belong Bignonia and some other genera of the 
here the cambium is normal in position but 
. Here the cambium produces secondary xylem 
m in very variable quantities, i.e. in some 
amount of xylem than of phloem and in 
than xylem. Thus a characteristic structure with 


erse section of the ste š 
x structures (n pare SAORA sp, with anomalous 
yma 
t mbi i} eath; Sc— 
Tapted from College Botan Xylem Peay ma 
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(b) In speci 
2 pecies of Aristolochi i 
ing Mer AS ee etc., : Mee e 
med by the union of fascicular "E ER uci 


RAYS LENTICEL 
CORK CELLS 
PHELLOGEN 
PHELLODERM 


Fig. 8.15—Diagrammatic sketch of the two-year old stem 0 
showing anomalous secondary pier pespeykee 
after K. S. Das). 


— fascicular cambium gives rise to secondary xylem and 
phloem as usual on the inner and outer sides respectively 
vascular bundle but interfascicular cambium produces o 
parenchyma cells on the outer and inner sides ; as a result 
long medullary rays and fluted vascular cylinders are fori 
help those lianes in climbing purposes. In this type, 
vascular tissue formation is restricted within each bundle 
a complete ring of secondary vascular tissues is wan 
abnormal activities of iterfascicular cambium. 

(c) In some species of Bauhinia (Leguminosae), the a 
normal cambium is restricted on two sides only, i.e. 
produces equal amount of xylem and phloem on two 
The remaining portion of cambium cuts off parenchyma tt 
two xylem strands expand and unite at the centre of the 


thus a strap-like flattened stem is formed. ji 
(ii) The cambium is abnormal in position but normal in à 


In some woody climbers, e.g. species of Serjania (Figs. 8.1 
8.16), Thinouía- (Fig. 8.17, D). etc. (Sapindace&), ca 
the very early stage occurs* in several separate strips. 
isti f he lianes (woody 
+ Dive to aane voided or ridged ; the tips 


stem becomes 
Jaer separation develops so-called *'steles 
of the cambium strips. N 


3 
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primary tissues—as a result the original stem 
x several stems fused together, i.e. a deeply lobed 
js formed; this condition becomes more 


STARCH 
SHEATH 


SCLERENCHYMA 
CENTRAL STELE 


III 2 
ZA 


STARCH 
SHEATH 


Wing the ani 
xs Portion of thes Structure 


1 Dae from College 
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j parate cambium rings. 

strip produces secondary xylem on inner side and ; 
of secondary phloem on the outer side independenti 
separate steles are formed ( Fig. 8.16 A, B ). 


In Bauhinia langsdorffiana (Fig. 8.17 E, Leguminos 
cambium ring breaks up into strips which by their no 
produce phloem and Xylem tissues and form vascul 
sometimes these vascular bundles are separated from e 
the proliferation of xylem parenchyma (Fig. 8.17, E). 


in dicot stems (dia 
ructures in dicot s 
Fig, 8.17—Anomalous secondary st C—Serjania sp., D 


A—Bignonia sp, _ B—Securidaca sp. dere (Adapted from 


TIERE 
scandens and E— Bau Mac Danie , 1947). 


371 
S 

WTH IN THICKNES 

SECONDARY GRO’ 


ium and its 
due to the formation of accessory cambium 
Anomaly o 


sory cambium 
; Polygalaceae), acces al cambium 
(Fig. 8.17 B, tion like norm: 
(a) In Securidaca d begins to func 

in the pericycle an 


d to 
bial layer has cease 
(i.e. normal) cam 

after first formed 


cambial 
tion of one or more 

ay be the forma 

function, or the case m 


Medullary 
Bundles 


J Li Starch Sheath 
Cambium 


Fig. 8.18—Diagrammatic representation 
Of t. s. of Mirabilis jalapa stem showing 
anomalous structure, 


successively and then ceasing to function, —as a result a 
Of alternate concentric layers of xylem and phloem is 
(Fig. 8.17, B). 
(b) In Species of Amaranthus 
(Chenopodiacea), 


psi x š formation of accessory 

Stems ese plants the vascular 
arranged normally in a ring or they remain s i 
the ground tissue i i 


new i.e, seco TY vascular bei : 9 ipeta]l 
: ndles Which i eas | 

hon-vascular tiss anti. "4 remain embedded 

or intermediate us Known as conjunctive tissu : 


à n a 
1 tissue, intrafascicular tiss 
parenchyma se mial active “es is composed of either thin. 
walled any inten? N ed elongated lignified cells witho t 
d on the our Vies N T Very little Parenchyma tis Á 
pim de Y this a, SOTy ca bium ios. 
PS E arranged i Concentric Tings or may 
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E 
ERN v 


rS EO 


Jn < 
OASI 4 


(CI IOS 
ae 


.20—Dial 
ion o 


Fig. 8 
representati 


f 
‘Amaranthus sp. in. 
section. 
Ep—Epidermis, Hy- 
collenchyma), P—Pa 
Sts—Starch sheath, € 
bium, Sph— ui 
ondary 
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EPIDERMIS 
HYPODERMIS 
PARENCHYMA 


STARCH SHEATH 
SECONDARY PHLOEM 
'MBIUM 


SECONDARY XYLEM 
I - CONJUNCTIVE TISSUE 


MEDULLARY BUNDLES 
(PRIMARY) 


PHLOEM 


CAMBIUM 
XYLEM 


& 821—T.s. ofa Portion of Amaranthus stem 

tissues in anomalous structure. (Ad, ted 

Botany, after K. S. p Ic vole 
n sp., phloem 1 occurs centrifugally in the form of 


lled phloem islands which are later buried j 
the development of an arc of new ambien. € 


c “cmon of vj 9f Boerhaavig Stem Showing 

erbena, 

1 seu activa? xylem and phloem 
y i Nor 

jo ndary cambium arises polam 


xylem towards the outer 


his newly formed phi 
gin. Here the secon 
by the accessory cambium gradually merges with 


formed secondary xylem. (Figs. 8.24, 8.25). 


(iv) Anomaly due to the formation of interxylary 
as a result of abnormal activity and position of 
phloem patches are sometimes embedded in secondary 
form of strands. Those extra patches of secondary 


inside the secondary xylem are known as interxylary | 
phloem. 


CONJUNCTIVE TISSUE 


PRIMARY BUNDLES ' 


GROUND TISSUE 


i howing tissues in 
tion of Boerhaavia stem si i 
rs pe s ada from College Botany, after K. 


mbre 

(a) In species of Entada and pini p c. bd 
rtion of cambium produces secondary phoe d 
lora brief period instead of producing | 


Ver y soon that cambium be ormal sec 
gins to produce n ae 
r side—asa result, the secondary P 

towards the inne de hl 


; thi dary xy 
buried in the secondary xylem ; this secon ary 4 
i ncluded or interxylary phloem. 
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ip. i the formation of interxylary 
anaie eet the cambium ring first 
nda Bine on the outer side along with the 

several parts of cambium (cambium 


Fig. 8.24—Diagrammatic 
Tepresentation of the stem of 
Ca Tecoma sp. in transverse section 
showing anomalous structure, 

; E—Epidermis, P—Parenchyma, 
Ph Sts—Starch sheath, Scl—Scler- 

enchyma patches, Ca—Cam- 
bium, Pi—Pith, Ph—Phloem, 

Xy—Xylem. (Adapted from 

College Botany, after | 
K.S. Das). 


Ca Fig. 8.25—Transverse 
of the stem of Tecoma 
x bue Ous structures (in part). 
Y  Ep—Epidermis, p—p 
Sts — Starch sheath, Cc 1 
jum, Scl—Sclerenchyma, 


h—Phloem, X —X 
a Ip—Internat emas sd 
—Pith. (Adapted from College 
Botany, after K. S. Das). 


Section 
Sp. with 


ANOMALOUS SECONDARY GROWTH IN Monocor § 


Normally Secondary growth dose not occur in monoc 
they lack cambium in their vascular bundles, But in som 
Stems like species of Dracaena, Yucca, Cordyline ct 
(Agavacez) etc. anomalous Secondary increase in thicki 
due to the formation of accessory cambium (refer 
347-348). : 

In Roots : —Variations from normal type of secondary | 


noted in storage roots of certain families, these are dis 
follows :— 


(a) In Beta vulgaris (Chenopodiacez), the first cam 
developed very near the primary xylem patches and wh 
secondary xylem towards inside and secondary phi 


Periderm. 


First layer of. 
secondary xylem 
xylem 


one grovith 
lyer, 


storage 
parenchyma 


= secondary 


ies xylem 


secondary 
phloem 


Radial panel of — n " 
parenchyma 


<— Vascular 
[St — cambium — 


is showing anomalous. 
i f the root of Beta vulgari peeled a 
a Da noe. ture (diagrammatic). ps 
aie ien part showing tissues. (After Esau, 1 


: 


il 


l 


of other cambium rings, so a series of supernumerary 
mbia are in continuous rings, they produce separate 
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i ivi ther 

cambium ring soon ceases its activity and then ano 
a rias arises from cells of the pericycle and 
formed concentrically. All cambial layers continue to 
produce several increments of vascular tissues, each 
with surrounding conjunctive tissue. Bundles are separated 
one another by wide radial panels of parenchyma formed due 


i 


at] 


pericycle and vascular bundles are formed. The 

€ constitute the dark-coloured and the vascular 
t-coloured rings in the beet root. The bundles are 
themecives largely parenchymatous with a few lignified elements in 
po The rate of the growth becomes slower after early period 


w, 1962). This is followed in rapid succession by the 

parenchyma and strands of xylem and phloem. 

activity of the newly formed cambium. Thus alternate bands 
the 


(b) In adventitious roots of Ipomoea batatas (Fig. 8.27 
Convolvulacez), a complex type of anomalous growth occurs. The 
xylem contains much amount of parenchyma, 


secondary cambia 
develop in the Parenchyma around the individual vessel br vessel 


cambium 


Fig. 827—T , 
-ofa i 
as) showing oe Of the root of SWeet potato ( Ipomoea 


alous Structure, (Afte 
s . ES ius r Esau, 1962). 


5 uce trachear 
0 Y ele 
Amount of storage e aWay from th ments towards the 


€ vessels ; vessels 
a s : 
- directions. Due to thi Tenchyma cell; are s but a Considerable 


also prod 
y dig; Phloem elemen ee in both 
*ntiated ag xylem pear within 
ciferæ (e / 
“8. raddi $ 
n of parenchyma of xpi = 


(©) In fleshy tap TO 


alous is due to ots of Cru 


T 
Proliferatio 
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(if present), and subsequen 
. . M t d 
tissuse in that parenchyma, Ws En 


Both from morphological and iologi i 1 
1 physiological points of 
La) Classified all the anomalous forms of Secondary x 


(a) Adaptive !ype— Adaptive types of secon 


Connected with the adaptation to definite environmental 


includes stems of lianes (woody climbers sub: : wh 
and fleshy roots which serve for omen aeris 


(b) Non-adaptive—This ty, 
non-environmental and which 


(a) ADAPTIVE TYPE : 


pe includes cases of anomalous cor i 
Tepresent merely cases of vari 


In the stems of these plants, if woody cylinder is developed in 
Solid mass, it can neither be inextensible or flexible. If the woo 
up into separate strands by the interpolation of softer tissues, 
and flexibility can be acheived. This property is gained in case 
climbers) but the design varies greatly in different plants. (Refer! 
the secondary thickening in stems of Bignonia, Serjania, Teco 
Combretum, Strychnos, Bauhinia etc.) 

(ii) For storage purposes—The beet Toot swells due to form 
parenchyma that has developed during secondary thickening. (Refer 
Beet root). d 

(iii) For floating purposes—In Jussiaea sp. (Onagraceae) k. 
produces spongy parenchymatous tissues which help in floating purpo 


(b) NON-ADAPTIVE TYPE: 


Refer to the cases of the secondary thickenings in the stems of r. 
Chenopodium, Amaranthus ete. 


SELECTED QUESTIONS 


ith sketches descr 
tdo you mean by secondary growth? Wi 
dietus DE takes place in a dicotyledonous stem. 
Refer articles, 8.1 and 8.2. a 4 
2. What do yo understand by secondary Coe ia toa 
account of the process in the pet Saag) Speers me ty! oh oe 
i between sap-wood and -wood. is 
rode pie spe important to plant life? Which of the two i 
more useful ? 
Refer articles 8.1, 8.2 (I), 8.5 (page 355) š " 
3. Describe the process of secondary growth in monoco| 
Refer article 8.3 ; 
4. Describe the anatomical structure of a young dicotyledonous 
procees of secondary growth in it. 


ith the help of sketch e : 
— Q danis secondary growth in a dicot root. 


Refer article 8.4 L3 


hes describe the inception an: 


# 
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f 
know about anomalous structure in stems o 
ir answer with SES to some forms you have 


growth in thickness in stem of Dracaena with that 
s 8.3 and 8.2 
account of the anomalous secondary growth of stems and 


n? How does it originate? Give an account of its 
us plant with sketches. 


Ry 
* the origin, structure and function of cambium. 
cle 8.7 


m? How does it originate? Describe its structure and: 


vk Give an account of its origin, structure and function. 


nt of the structure, development and functions of bark in a 


“Reter article 8.10 
—Refer article 8.9 (c) 

Tings—Refer article 8.5, page 352 
-Refe .8 


Refer article 8 


»5, page 353 
Refer article 8.3 


CHAPTER Ix Abscission, Healing of 


Wounds and Grafting ` 


9.1 Abscission : 


Periodical loss of different plant arts i 
common phenomenon. In pieridonl td and a C 
sperms, leaves and other parts are not shed periodi 
death but decay gradually in position Or are torn away. 
perennials, leaves, bracts or floral parts, fruits and branch 
off from the mother plant by the process of abscission. 
is the phenomenon of the separation of plant parts from t 
plant without injury. Leaf abscission or leaf fall or defoliati 


nosperms and 
Protective layer ledons before the 
Abscission layer Structural ch 
tissues at the 
The separation of 
from a branch with 
jury to the bra 
leaf fallor leaf 
Seasonal defoliati 


the petiole base 
abscission zone, 
differs structurally 
the parts above and 
the petiole, is forme 


Abscission zone as B within this abs 
Fig. 9.1 A & B—Abscission zone in a distinct layer 
walnut, as seen in Jong A section. abscission ue 1 
B—Enlarged portion of abscission layer is developed a 

layer. (After Esau, 1962). or weeks before 


this separation layer may be looked upon as the immediate s 
cause of leaf fall. In a compound leaf, abscisston mre Tui 
either at the base of rachis or at the base of individual T 
the base of both. According to some authors (Esau d c 
abscission is due to cytological and chemical change iion d 
petiole base along which the leaf will separate (ie. i sci x 
according to them two layers are distinguisha b) n ie 
zone, viz. (a) abscission or separation layer and (| Pu. i 
Protective layer or layers occur just beneath ae pie f rali) fe 
protects the surface tissues (that are exposed a al 


.dessication and infection by parasites. According to ` ; 
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(1947) protective layers are of two types, viz. (a) a 
^ onnan in origin and (b) a periderm— 
dary in The primary protective layer is formed due to 
i suberization of the parenchyma cells of this region, 
be formed as a result of irregular division of the cells- 
im them (Pfeiffer, 1928). 


ë abscission zone the vascular bundles are reduced in 
yma becomes weak or lacking, the parenchyma 
with dense cytoplasm. 


ration layer consists of several or few layers of cells 

"from the neighbouring cells by their smaller size and 

containing many starch grains, having dense cytoplasm 
by different wall staining properties. Within and below 

he primary xylem vessels become blocked by tyloses and 

till the conduction of water is maintained by the secondary 
ep the leaf turgid until its fall. 


ion zone take part in t 
leaf is then supported only 


ission zone, and di , Place in the 
end of Separation, 


n exposed ti 
iseases eem wee „are protected 


Ss like suberin, Wound 

wa * In wood 
e e replaced by peri : 

Pet Stems or branches” oo otec jer alone 

í eres and herbaceous d; 

E Physical Stresses, and soba 

vy SIS Mechanical breakage witha ra 
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regulating substances are the most im dt 
that auxin may retard abscission by preventing MANI x 
and the related folding of the intercellular spac 

(Gawadi and Avery, 1950 ; Sacher, 1957). Auxins are 
accelerate abscission, various other chemical substances 
retard or accelerate abscission phenomenon. 4 


9.2 Healing of Wounds and Grafting 1 


Plant organs are generally subjected to various wi 
to different factors—such wounds result in the expos 
tissues lying beneath the wound. These wounds are c 
ways, of which secondary growth and cambial activity take 
part in wound healing phenomena and formation of the ur 
grafting. D 

In case of lower plant groups (bryophyta and pte 
plant parts are fragmented—in this case cell wall formi 
place at the point of injuries of the fragmented parts and thi 
is checked through vegetative multiplication. In leaves, } 
and other plant parts having no secondary growth, injuries 


endas ijr) end formation ergy plan 
beneath the cicatrice. In case Deep 


coagulates an' 


LI 
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trunks having secondary growth result in the 

- which is eded by the development of 
consists of masses of soft parenchyma tissue which are 
on or below the injured surface of stems and roots. 
! d due to the proliferation of various cells near the 
‘the wound. Callus is mostly formed by the cambium. 
may be formed by the division of parenchyma cells of 
hl and xylem rays. The outer cells of the paren- 
of the callus either become suberised or cork 
pps so that on the outside a layer of cork known 
‘is produced and thus wound is healed up. Some- 
th of the callus around the wound results in the 
Characteristic swellings called knots. Trees having 
‘increase in thickness are characterised by the presence 
wood. When a branch is broken down or cut off, 
face is covered by callus. But with the formation 
annual layers of xylem by the cambium, all tissues 


Wounds due i ; 
in growing o pruning, callus is produced about the 
of grafting, callus tissue fo 


rmati 
` two compatible shoots, ass 


referred to as s 


nd scion do not 
Ymatous masses are fore Not produced, In this 


ich enable slow conduction @ | 
E SELECTED QUESTION ; 
: S 
te) on healing of wounds, 
illustrative account of thi 
M of the leaf fall Phenomenon ; 
E In plants, 


on layer and shedd; 
article 9 yiding Of leaves. 


í Refer artic] 
Refer article 9.1 e 9,1 


CHAPTER X The Flower 


The flower is a determinate stem or b nde 
or obliterated internodes. Hence may Boreal po 
as a modified shoot and its parts as homologues of le 
others reject this concept. Like vegetative shoot the flower 
of an axis (receptacle) and crowded lateral appendages. 
appendages are of leaf rank and constitute the floral onga 
floral parts, they are generally grouped into sterile oe ) 
composing the calyx and corolla respectively) : 
(stamens and carpels composing the androecium 


respectively) parts. e 
10.1 The Floral Apex and the Ontogeny of the Flower: | 


(a) The Floral Apex—According to Eames and 
(1947), Eames (1961) and others the floral apex which is fi 
a stem tip, the receptacle, resembles in ontogeny U! 
structure a vegetative (stem) tip. Slight differences t 
between the two are due to determinate nature of the 
the shortening and suppression of internodes and the ¢ 
of floral appendages. Many authors have shown. i 
initials constitute the ‘central core’ in the vegetative axis, b 
apical and rib meristems constitute the floral apex, and ; 
floral apex there is no (1947. 49). th Zonas 

ing to Philipson S e repro pe 
Ae HUN the patti of a flower develop, produces a 
ith large surface area. This meristematic :nvelo 
base of parenchymatous iei EC vot 
am and Chan, 1952; Wetmore, ; Fahn, i 
De go transition from vegetative to reprodue a 
Firstly there is an increase in the mitotic aci rd s 
between the cells of ‘central core’ zone psi z M 
This activity gradually spreads and richer in protoplast 
where the cells bec Í , y A 
he rib meristem are 
process all the cells above Hen e Mid Mera ceases gradus 
Fo perp pres meristem and of the pith below de a” 
nbi tous pi stoma : 
in the apex. From se 8 
ei branches of fe ME and t 

elo depending on species. ° P 
ae he Flower—When the apical meristera 

(0) o e initiates a flower OF ani 

roduce ` vegetative organs and pee i @ general m 
P undergoes some morphological c ang 3 

:cal change that ta 
P productive js a sudden and 


panied or followed by an i 
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Each stamen 
7 usually h ; 
single b ES i 
i S nine in the filament d eie which is cont 
anales and some sp dai in some fan 
of the families Lai 


gra 
section £ 


Wat yorsal bundle, 

2; C-F, after Tepfer, 

Musaceae etc. each stamen is provided witha single trace. 

anatomical point of view, it is a considere that the | 

“a leaf-like organ folded upward (ventrally) along its m 
or less fused, and with ovules ^ š 


its margins more 
nd MacDaniels, 1947 ; Eames, 1961). C: 
The carpel 


margins” (Eames a 
have three, five or more traces. 
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l than do the other traces. The con- 
Rey eh pina the dorsal bundle (Fig. 10°1,E,F) 
called dorsal trace. This dorsal bundle is homolo- 


traces as they form the bundles that run along 
edge of B carpet: In case of fused floral 
these parts may be also fused. If the carpels 
a syncarpous gynoecium, the marginal bundles 


When there are more than three traces in a carpel, 
are present between the dorsal and ventral 
called lateral traces. The ovule traces usually 
ventral carpellary bundles or from the branches 
that are present in the Placenta. The ovule trace 
small and leads to the base of thé ovule or enters 
g as far as the chalazal region. Generally carpellary 
tinuous through the style (Fig 10:1,E) 
103 Abscissi 


4 separation layer. The cells 


f the adjacent 
ely packed and 
eparation layer 


llar shape, clos 
Issue of the s 


© pollen grains a 
may fall off, e Ë. Species of Mon 


SELECTED QUESTIONS 


le diagr: 
* grams the Vascular Skeleton Of a flower. 


£ What do 
matte bre em dor apop 
OC 


B 1 
pex leading t pex’? Discus i ' 
Re ii Ë to the development Of the Hower ta tetiation 
Write notes on:— "s 


i peers e i ini Refer article 10.1 (b) 
T Dorsal ; Shia traces—Refer article 10.2 
Abscission Parts —Refer article 10 3 


THALLOPHYTA 


i includes two 
i first div gdom. It inc 
ae, m ; besides: thallophyta also includes slime molds, 
lichens and bacteria {according to s 


Fungi 


thallophyta 
body is . thallus-lik 


€. Le. not differentiated into stem, leaves and 


Salient features of the division 
L 
er Plant 


2 Sex Organs ie. reproductive Structures are genera]l 
9ne-celled structure, 


3. Zygote generally does not develop into multicellular embryo while still 
Seclosed within the female Teproductive structure, 
In thallophyta differ 


S from other divisions of the plant 
P Thallophyta :—Endticher Was t 
the term hallophyta poe means young n, and p; 
vision Ophyta i 
les dieren oa Phyta includes e 


Y unicellular, Le, 


2 


gs 
H 
c 
& 
S 
B 
ase 
= 
m 
o 
cz 
& 
8 
g 
3 
= 
š 
š 
B 
^ 
= 


I 
i 


j 
E 
H 
š 
H 
g 


is 5 8nd having Simple methods 
a + B called thallus (plural : thalli), 
t bod hich is not differentia 9 root, 
Retative 
I! 5 it, t i 
ng above or belo the suena nthe as 
Scopic unicellular types, 


f 
a 


| 


š ! 
EI 
A 
3 


Micro: 
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or branched a 
of which often ane kc. of 30 met pde. .. 
os. Ways, e.g. vegetatively, PAM € d. easily. a 
iss m place mainly by the breaking puel of th e 
Mara Pe aed into a new individual MB 
on (splittin, inh p 
by budding (formation ot dw oopan : bend uds b rd 
later develops into a new individual) Ag Ma eka. buds 
the formation of one or many-celied n Se; posee 
Du may or may not be borne in a pac uc CES _ 
ar: sporangium). Sexual reproduction tak mace P iot 
reproductive units called gametes. Mor ry re really pueAÀ t 
(isogametes) or dissimilar (anisogametes Pastasa t tes MIN 
on icis oth (aplanogamete)—motility may be eps p 
e amoeboid. Gametes may or m í 
(singular: gametangium). Gametangi pei 
ore aneta or Pris iind ie. heteropamstenges aB pee L 
agellate or non-flagellate iso; Í i ; fu 
the two flagellate Teterog tae Bae i po pe lage! | 
or non-flagellate and the other larger flagellate or non-flagellate (Le. mo 
heterogamete is known as heterogamy or anisogamy. Ta het y 
smaller gamete is flagellate or non-flagellate acting as male 
one is passive, non-flagellate and retained within a specialised sac 
(called oogonium) in the form of a female gamete (egg, ovum OF 
the phenomenon is termed as oogamy. Union between sexually disting 
but morphologically indistinguishable gametes (isogamy and anisogam 
as conjugation. Union between both sexually and morphologically d 
gametes (oogamy) is called fertilization. In general the 
union is called zygote. Zygote produced by conjugation is called zy 
that produced by tertilization is termed as oospore. 


Differences between algz and fungi :— 
Fungi 
Fungi never possess 


Algae 


1. Alge possess the green pigment 1. 
chlorophyll which, in some species, is 
masked by other pigments. 

2. Alge are autophytes (or autotropics), 2. 
i.e. they are able to synthesise their 
own food from simple inorganic 
materials owing to the presence of 


chlorophyll. 

3. Algae are photophilic, i.e. they re- 3. Fungi are either p! 
quire light (either diffused or direct) photophilic, i.e. they can 
for their growth and nutrition. and as well E. in dar 

4. The body of algae is composed of 4. The body of fungi is con 

issue. either fine thread-like 
true parenchymatous tissue ithe ig or VR terwove 

mycelium forming x 

called plectenchyma oF P 

parenchyma (f: d 

The cell walls of fungi are 

mainly of chitin (a com D 


pics), 

synthesise food matters, 5 
live as either pa 
saprophytes. 


5. The cell walls of algae are composed 5. 
of true cellulose, ma podia 
cellulose 1s 


the reserve food 6. 


, In most algae, 
š cuc is starch (a carbohydrate AR et 
which gives blue colouration with writing sold tion): 


jodine solution). 


L. ee UC» 


Of cells formi 


ALGAE 
carrer 1. Introduction 


LA General account of Algae : 


Algae 1 ic members of thallophytes, i.e. 
owing MEM eat ie. chlorophyll in their 

om an prepare carbohydrates from simple inorganic 
ee du, PL and carbon dioxide with the help of sunlig E 
Algae, therefore may be defined as chlorophyll-bearing BS group of 
plants which possess various forms of unicellular to multicellula 
Organisation. 


OCCURRENCE i i i trial 
—Algae may be aquatic, semiaquatic or terrestr 
in habitat. Majority are aquatic, being found to occur in running 
and stagnant, fresh and saline water of ponds, ditches, streams, lakes, 
And sea. In sea they make up the major part of the vegetation. On 
of 


calm water they often form the green coloured “pond 
screen", or “pond scum”. 


um on lakes, ponds etc.—such algae are 
called phytoplanktons. Marine algae, growing near the 
sea shore or in the relatively shallow rocky 


they are called phytobenthons. 
called “plankton' and the 


» 00 rocks and cliffs etc, 
a penne of aes are associated wi 

either endophytes within the tissues of other pla t 

ls or às symbionts In a symbiotic relation Oe auc: 


fell or it may be multicell lars as simple as Tepresented 
Without d; icellular ang Es 


» Chain of cells form; 
mày be bran ed oru Orming trj home 
ng colony etc nbranched 


Cru STRUCTURE—' Abe. 
Wall, the inner is ine majority of algae have 4 two] 
and Contains microfibrils ia red cell 
> Outer is 


e or group 
e solitary or 
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gelatinous and amorphous. The cell i 
carbohydrates such as cellulose, pectin, mucilage s Ja MAN à 
cell wall may contain proteins also. Besides cell-walled 
there are also some naked flagellate types. In naked typ 
is no cell wall but the protoplast is externally limited by a 
more or less rigid protoplasmic layer called periplast; cellew 
types have the limiting protoplasmic layer along the inne 
layer of cell wall in the form of plasmamembrane. In som 
types, mucilage envelops are also found—these mucilage 
are looked upon as the modifications of the cell walls. 
are mostly uninucleate but multinucleate cells are also me 
some members. In some primitive types, there is even no w 
organised nucleus. Plastids (chloroplasts or chromoplasts) are pres 
in each cell—the number and shape of which vary geai 
Chloroplastids also contain, though not always, one or more specie 
lised bodies called pyrenoids which consist of colourless masses W 
protein surrounded by starch plates. Regarding pigments, the 
pigment chlorophyll is the most common in all types. In green ag 
i.e. Chlorophyta the chlorophyll has all the components & 
chlorophyll a, chlorophyll 5, chlorophyll c, carotene and xanthophy 
In some algae, other pigments such as phycocyanin (a blue p 
fucoxanthin (a yellowish-brown pigment), phaeophycin (a ^ 
pigment), phycoerythrin (a red pigment) etc. may be 

addition to normal green pigment chlorophyll ; in those |o 
green pigment chlorophyll is masked by those different types í 


igments in variable proportions. 
: n algae, the storage food is carbohydrate, the en y which 
is variable in different groups, e.g. starch in gre alone D fe 


i -green algae 
phyta), cyanophycean starch in blue eren ee Sarre or 


í in in diatoms (Bacillariophyceae) ; i 
resi idus (Phaeophyta) ; floridean starch ip see se po 
phyta) etc. ; besides, fats, oils, leucosin, paramylum 


in various types of algae. 1 
as food reserves 1 WEM MA E 2 


B ucrioN —Generally ° i 
(1) ple ET (2) asexual and (3) sexual are noted in algae 


" js f 
1. Vegetative reproductio eub Meo n 


by which new in š Me 
h Be ios phe without any change in Miei is 
(vé reproduction. It may be of the following lit 
i (i) Simple cell division—This meaa és b 
rra el Lord Lee lice bika d new individuals, eg 
daughter cells thus produced, : 
Synechococeur im (Ce aa is seen in filamentous types. E. 
Fragmentation— S r : 
Aa Body Le: filament breaks up into one qt te division 


i individual plant may be 
of which develops into 4 p in voi Othe filament as 
s 


the fragments. i 
e recita) (b) by the ped EA boe s 
separation discs which help in the sep. 


s 


division 
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ss uw 
fragments or (c) by some other mechanical force or injury resulting i 
NU aelticellular fragments. i TER 
K EU oao or mor m mods Sash ol which gives 
colonies re sma , eac 
e coo. This method may be included under the 
type 


2 Asexual reproduction : 


Asexual reproduction takes place by the formation of various 
kinds of motile and non-motile spores as follows : 

( ee There are flagellate, motile and naked rin 
NS may be formed either within a specialised structure, ca : 
seerporangium or from the vegetative cell directly. The number o 
soospores formed within each erii d Ay daa cell ay 

dogonium) to many (Ulothrix). € zoosp 
on men (with two flagella), quadriflagellate (with four 
flagella) or multiflagellate (with many flagella). Each Zoospore swims 
ia water, comes to rest, drops it flagella and germinates to give rise to 
a new l plant resembling the mother plant. 

(8) Aplanospores—These are non-flagellate, 
formed in some aquatic algae. Actually aplan 
TOOSpores which 
on ing Zoospore formation due to un 

and 


i.e. non-motile spores 

Ospores are modified 

of the development of 
favourable condition 

pe in the Substratum ; each aplanospore is 

‘Surrounded by a definite wall which is distinct 

wall. General 


from the parent cell 
lly one aplanospore is produced within a single cell 
faplanosporangium) or 


more may be formed. 
Serminates and gives ris indivi 


e toa new individual plant In response to 
‘Suitable environmental condition P š 
won) Hypnospores—Very thick-walled a 


t e Spores 
} ve cells of some 
- Akinetes, iti 

ae ee under favourable co 


actually fragments ie. 


Bach ena bare tof the vegetative cell by som sion of 
Os i ; o i 
Te germinates Into à new Plant, ory oda algae, 
D m as 


p. 


39 
4 STUDIES IN BOTANY 


(vil) Exospores—These are i 

i also thin-wall -l 
ne are cut off externally from the protoplast a tati 
ot some unicellular algae, e.g. Chamaesiphon sp. I 


(viii) Heterocyst—These are s eciali 
se, 
two-layered vegetative cells of joe eee 
contents of these cells become transparent. At maturity, e 
develop button-like thickenings at the poles called polar ; 
number of polar nodules may be one or two. In some 
cysts germinate producing new individual plants—hence het 
are regarded as spores by some workers. 


3. Sexual reproduction : 


Sexual reproduction takes place by the union of th 
reproductive units called gametes. All three types of gam 
i.e. isogamy, anisogamy and oogamy are noted in algae. 


(i) Isogamy—In this type, two morphologically identical | 


The fusing gametes may be flagellate (motile) or non 
(non-motile) and are called isogametes, e.g. Ulothrix sp. 


(ii) Anisogamy- Here two morphologically 
gametes, i.e gametes of unequal size and form, called 
or heterogametes fuse in pair forming a zygote, e.g. Chia 
sp. Of the two non-identical gametes, the smaller gametes are 
microgametes (equivalent to male gametes) and the larger 
are called macrogametes (equivalent to female gametes). 


When isogametes and anisogametes are flagellate and n" 
are called planogametes ; but when they are non-flagellate 
motile, they are called aplanogametes. In both isogamy = 


anisogamy, the fusing gametes may be planogametes OF 


gametes. | 
Anisogamy is also looked upon as heterogamy because if 
phenomenon the fusing gametes are morphologically E 


heterogametes. e 
iii) Oogamy—This is a complex ty L » 
Ha duo S place between two anisogametes i.e. heterogan" 


i i isogamy or heterogamy. 
—hence oogamy is also a kind of Wer is emalionl active att 


i of the two uniting gametes, 
Frenos (i.e. motile) which leaves the m gane 
known as antherozoid or spermatozoid—the male g: $ other 
one is larger, 


assive and non-flagellate , known pe hec 

ovum or UE the fernale pt EC d n Paes agit called 
-motile and is retained within te in I 

penta The spermatozoids are active, ‘they ate P Wo 
number within the male gametangium calle udo Hec 
antheridium spermatozoids are liberated out, een . 
and one or more of them enter the agg | pre ione 
tozoid unites with the ovum. As eae irectl it š 
fertilization zygote is formed. The zyg 
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aftera period of rest by the formation of 

š - E spon. each of which in turn gives 

qoe 102 new individual plant. In some members of algae (e.g. Rhodo- 

the male gametes are non-flagellate and. non-motile ; at the 

M ferulization non-motile gametes are passively carried _to the 

by water current. Normally, in oogamy, at the time of 

the female gamete i.e. ovum is retained within the 

oogonium tly ; but sometimes the ovum is retained within 

the oogonium until maturity or the ovum may remain attached with 
some parts of the oogonium after being liberated out. 


The gametes in some cases fail to unite ; in such cases gametes 
sre directly developed into spore-like structures called parthenospores, 
as azygospores. These parthenospores or azygospores 

like zygospores without any meiotic division of the partheno- 
Spore or azygospore nucleus; each parthenospore or azygospore 
les directly into a new individual plant. This process of 

i x of a new individual from a parthenospore is called 


Live Cyctr Tyres IN ALGAE—H. C. 
the following three ty H. C. Bold (1957, 1965) has shown 


pes of life cycles a 
teproducing algae :— y mong the members of sexually 


A. Haplobionti ñ i 
EE en, plat haploid (also known as haplontie or 
, 


E" (1) —— —— -Gametes (n) sexual 


union 
| ( Spores (m) meiosis 
——4 or aiia. 
L Young plants (7) 


—Zygote (2n) 


B. lobionti iploi 
) Haplobiontic, plant diploid (also known as diplontie life 
meiosis Sexual 
e (27) — — -Gametes (m — E >Zygote (2n) 
union 


an (n) 2. = wee () ) 


oui 


: | lr T Plant (n) 
Eu has eR ( 
etes (n) 


H 
tes 
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In most primitive and sim lest type i h 
alternation of predominently haploid phase wie (A), ; 
and short duration diploid phase which is represented by the d 
zygote only—the zygote undergoes meiosis, often after ap 
rest, so the product or products of its germination are haplo! 
type is also known as haplontic or monogenetic life cycle. 


In the next type (B), there is an alternatio: short 
duration and insignificant haploid phase (represented NE € 
only) with a predominant diploid phase. In this type 
zygote, without undergoing meiosis, directly grows into a new 
individual ; meiosis occurs only when the diploid individual fo 
gametes. This type is also known as diplontic life cycle. 


Both of these two types of life cycles may be termed (Bold 
1965) haplobiontic because in these types only one recogni p 
body is found in nature. Haplobiontic organisms only u 
cytological alternation either for the diploid or haploid phase 
case may be and, the diploid or haploid phaseis represented 
single cell, either zygote or gamete respectively. - 

There is another type called diplobiontic life cycle (O). Here the 
zygote (2n) develops directly into a diploid individual without unde! 
going meiosis. This diploid individual produces haploid asexual 
reproductive cells through meiosis—these haploid asexual cells agaia 
develop into haploid sexual individuals which produce gametes (A). 
the union of such gametes gives rise to zygote (2n). In D 
type of life cycle, two sets of independent individuals occur in : 
—they may be morphologically similar or dissimilar, i.e. iom eo 
or heteromorphic respectively. In this type, both the we 
diploid phases are equally predominant ; this type is also os 
haplodiplobiontic or digenetic life cycle. er " ee 

The diplobiontic members of Rhodophyta have @ ‘ation ae 
similar to that shown in type C ; but owing to the in d 


te an , 
iploi ores (carpospores) between the zygo 
=i emer hisa is prolonged and partly dependent on haploid 


neration) an cycle Pe. 


algae exhibit two producing phase Pii, 
ife cycle; these phases are ; imply the spo 
pans generation, diploid generation (2n) na do nplements ^ 


oft pape 
ME uda producing phase termed gametophytiz E. 

7 ion (n i me tO 
hapla agris o vase chromosome complement i Ter olla 
n Piona or phases (which are diennet s aa pe ; 
fonctlonally and structurally) ao DU Ls Mm ut j d 
: n of algae, an € 1 Asaqa “4 
ied id) aA regular succession alterna 
p 
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f alternation: 
keown as alternation tions. The phenomenon o 
» i mida by Hofmeister in 1851. 
discovered by Ho 
of generations was first 


i tion. Again, a reverse condition may 
Endo x eloped diploid generation 
generation being ui 
Seated by gametes only, here meiosis takes place only uring the 
rg y EE ld nag these conditione it indicates that in 
such life cycles there is isti of generations having 
: i rnation i.e. alternation 
me numbers takes place. 


There are also some algae where two alt 
t plants which are often disti 


spores ; spore on germination agai 
individual i.e. the Bametophyte. [n these 


l of generations, 
Phases (generations) in the 


life cycles of such cas 
i es, so the 
called biphasic alternation of generations. t mer. aio 


Other algae wh 


ere à complicated 
% generations is noted. In 
haploid 


triphasic alternation of T 
À generations, 
CLASSIFICATION—The Principle of 


lassifi s Some. 
c cation of alge Is 
on the nature of Pigments they contain in addition to 
On the basis o! fied y F F 
P gm nta 2 
f [3 tion algæ are classi b ` E, Titsch 
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€ lass 15 Chlorophyceae (Isokontae) 
Ir. Xanthophyceae (Heterokontae) 
>» UE Chrysophyceae 
4 Iy: Bacillariophyceae (Diatoms) 
SNe Cryptophyceae 
nM. Dinophyceae 
2. VIL Chloromonadineae 
POTIS Euglenineae 
1505 IX. Phaeophyceae 
Pies. d Rhodophyceae 
5a Wl Myxophyceae (Cyanophyceae) 


However a fossil group termed Nematophyceae has also been 

According to G. M. Smith (1955), alge are classifie 

.divisions mainly ; each division contains one or mor 
follows :— 

Division 1. Chlorophyta. Photosynthetic pigments # 
green in colour and these are 
chromatophores. Photosynthetic reserv 

Class 1. Chlorophyceae (Grass-green alga) 
Class 2. Charophyceae (Stoneworts) E 

Division 2. Euglenophyta. Photosynthetic pigments | 
green in colour, localised in chroma ph 
pigments are absent. Reserve foods are pare 
(an insoluble carbohydrate related 


and fat. : j 

Class 1. Euglenophyceae (Euglenoids) A 
Division 3. Pyrrophyta. Photosynthetic pigments are gr 
tan to golden-brown, localised in chrom 
photosynthetic reserves are starch or 


ivisi i ised in c 

Division 4. Chrysophyta. Percent g 
Reserve foods are leucosin (a carboh; 
unknown chemical com 
Class 1. Chrysophyceae (Golden-brown alge) 
» 2. Xanthophyceae (Yellow-green alge) 
” 3, Bacillariophyceae (Diatoms) 1 
Division 5. Phaeophyta (Brown algae). Pigments 


hromatophores are yellowish-brown. 
NAR foods are soluble carbohydrates ike 


narin and manitol. a b; 
Class 1. Isogeneratae 
» 2, Heterogeneratae 
» 3, Cyclosporeae 


399 
ALGAE—INTRODUCTION 


i ent are 
Division yano Blue-green algae). Pigments prest 

Š x ML cement) and phycoerythrin (red 

: Asti in addition to chlorophyll; all these pig- 

i are not localised in chromatophores. Photosyn- 

thetic reserves are cyanophycean starch and protein 
granules. 

Chay 1. Myxophyceae (Cyanophyceae) 

7. Rhodophyta (Red algae). Of all pigments, phyco- 

erythrin is the chief pigment. Reserve food is a 

type of insoluble carbohydrate called floridean starch, 


sometimes soluble sugars ( floridoside ) ^ also 
accumulate. 


Class 1. Rhodophyceae 
Alpe of Uncertain Systematic Position—Chloromonadales and 


Cryptophyceae 


Chapman (1962), on the basis of pigment chemistry Or pigment 
has classified algae into following four divisions with 
their respective classes :— 


L Euphycophyta—includes Charophyceae 
Phaeophyceae, Rhodophyceae. š: 


I. Myxophycophyta—includes M 


yxophyceae (Cyanophyceae). 
tit. Chrysophycophyta—includes Chrysophyceae, Xanthoph 
Baci ER ysophy ; Phyceae, 


Iv. Pyrrhophycophyta—includes Cryptophyceae, Dinophyceae. 


Jn this classification Euglenophyceae (euglenoi 
à oids 
Ghloromonadophyceae (chloromonads) has no Š ) or the 


t recognised, 
Prescott (1969) has classified algae as follows :— 
Phylum Chloropi 


aye (Green algae)—Chlorophyil predomi- 


Chlorophyceae, 


3 food reserve starc : 
A. Class Chlorophyceae. 


Order Volvocales, 2 Order T 
29227 etrasporal 
Ulotrichales, 4. rales, 5. Order Cylíndroca d 
aeraropleales, 7. Order pos Deae 


M Eder, 12. Order Cladophorales, 13. 0 


Order 
T Siphonales, ` Order Oed 
Zygnematales (Conjugales), 17. Order Noreen Kyu a ee 
Class Charophyceae (Stoneworts) À 
er Charales, 
Phylum Eugl 
Ra m Euglenophyta (Euglenoi 
H a He 18 or star-shaped chladach C Corey 
Colourless ; mo 3 Xie TOP]; some are 
Sidentally Colonial ; Teserve food paramylua e so “nicellular or F 
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E wa Euglenales, 2. Order Colaciales. 
be Pum Chrysophyta (Yellow-green al a 
nme E que predominant in variousty iia T 

oil and leucosin; flagella generally RD ur 


length and structure ; 
modifica oogamy. sexual reproduction isogamous or 


A. Class Chrysophyceae. 


1. Order Chrysomonad 
E ales, 2. Order Rhizochrysid: 
uices ue 4. Order Chrysosphaerales, 5. Onder hi 
` ass Bacillari ; Ç i 
filamentous ; cell ict a Cpiatome) ae x 
n rae and diatomin pigments redu al epro 
ce ivi . n bas ; 
codified cogamp-. eo PEE 
d Order Centrales, 2. Order Pennales. rà 
. Class Heterokontae (Xanthoph |—Uni Ç 
filamentous or pr A pcd. eee: E n 
flagella two, unequal in length; reproduction sog: 
anisogamous, also oogamous. 
1. Order Rhizochloridales, 2. Order Heterocapsales, . 
Heterococcales, 4. Order Heterotrichales, 5. Order Hi 
phonales. 
IV. Phylum  Pyzrhophyta ( Dinoflagellates )—Dorsi 
differentiated, motile, unicells with two  laterally inse 
morphologically different flagella ; cells with longitudi 
and a transverse furrow; carotenes, xanthophylls and 
predominating pigments ; reserve food starch or oil ; repr 
by cell division, cysts or rarely by conjugation of 
(Ceratium). 
A. Class Desmokontae (Desmophyceae) 
B. Class Dinokontae (Dinophyceae). j 
1. Order Gymnodiniales, 2. Order Peridiniales, 3. 
Dinocapsales, 4. Order Dinococcales, 5. Order Dinotrich 
V. Phylum Phaeophyta (Brown algae, Brown sea 
Branched, Y tufted filaments or complexes of filaments 
prostrate or crect thalli; predominant pigment tuco 
feserve food soluble carbohydrate ; motile reproduce D 
subapical or lateral flagella ; reproduction by zoospores, 150", 


and heterogametes. 
1. Subphylum PHAEOSPOREAE 


A. Class Isogeneratae 


. Order Ectocarpales, 4 
cidscidies, 4. Order Dictyotales, 5. Order 


p. Class Heterogeneratae. 


Order S hacelariales, - 
° Or Fr'ilopteridales. (ë 


OX 
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Chordariales der 
Sporochnales, 3. Or 
4. Order host 5. Order Laminariales. 
3 | ` . 
vi um Rhodophyta (Red algae )—Dominant pigment 
iur reserve food floridean starch; motile cells are 
ythrin ; 


ylum BANGIOIDEAE 


Porphyridiales, 2. Order Goniotrichales, 3. Order 
Compsopogonales, 


Nema! e li + 2. Order Gelidiales, 3. Order 
s 4. SOME DR 5. Order Rhodymeniales, 


a (Blue-green algae )—Unicellular, 
omn which phycocyanin usually 
t ; cells without a true nucleus > motile cells lacking ; 
ion absent. 

IvIum COoCCOGONEAE 


Chroococcales, 2. Order Chamaesiphonales, 3. Order 


d 
ubphylum HORMOGONEAE 
Orde: toriales, 2. Order Nostocales 


Il. Phylum tophyta ( Blue and Red flagellates )— 
pressed coii ia or slipper-shaped flagellated cells with 
t ella, usually of unequal length anq either apical or 

3 Xanthophylls or chlorophylls Predominant in plate-like 
"s š reserve food starch-like carbohydrates. 
Jrdei Cyptomonadales, 2. Order Cryptococcales, 
ylum Chloromonad 

* cells ; chlorophyll 

(some are colour] 


de Chloromonadales 
"ange of Vegetative or Thallus Structure in Algae : 
algae, a great Tange of thallus Structure js found 
ut the Tuctures Tanges from unicellular to 
© grouped as follows :— 
This type includes the si 
x mplest t 
Ë rounded, pear-shap E oblon. 
zella ae th interior Tegion ; they are 
ormed by the indivi 
7 orophytar dividual Cells. 
JP6— To this type belon uni 
-flagellate and non-motile n 


cellular, 
embers, 
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eg. Chlorococcum s i 
) p. Some membe ythers 

e pel groups within a mucilagégoes ees Exam 
oeocapsa, Chamaesiphon etc. of Cyanophyta. lu. 


3. Motile coenobial i.e. Ci 7 
3 M r .€. Colonial type— i Y 
E bua suena cells with their flagella DENS ed 
ogether in a gelatinous sheath to no re 
rounded motile colony or coenobium (plural : Mo Exa 
Volvox sp. (Chlorophyta). ¿ Ká. 


4. Non-motile coenobial type—Here the col co 
composed of non-motile cells arranged € ol 
long axis, e.g. Scenedesmus sp. (Chlorophyta) or cells are 
end to end forming a pentagonal or hexagonal meshes o 1 
Hydrodictyon (Chlorophyta). Sometimes the coenobium als 
star-shaped structure, e.g. Pediastrum sp. (Chlorophyta). 


5. Palmelloid type—It is a temporary stage formed in Ú 
Chlamydomonas (Chlorophyta) under unfavourable 
During vegetative phase, the non-motile parent cell produces - 
non-motile daughter cells which are embedded within on 
gelatinous envelop formed by gelatinization of the parent cell 
The daughter cells further divide forming numerous cells wit I 
matrix which later on become motile by the formation of flagella 


6. Filamentous type—In these types, the cells are a 
upon the other either in a row or in several rows to make 
body filamentous or thread-like in appearance. Sometimes fi 
thallus may be definite in length. The filaments may or 
be differentiated into base and apex. The filamentous types n 
branched, e.g. Cladophora sp. (Chlorophyta) or unbr 
species of Spirogyra, Ulothrix, Zygnema, Oedogonium 
Chlorophyta and species of Anabaena, Oscillatoria, Ca 
Cyanophyta. Sometimes the thallus may have false branchi 


Scytonema sp. (Cyanophyta). 
sp. (Chlo 


7. Thalloid type—This type is seen in Ulva s (sp 
here the lani aria is parenchymatous thallus-like due to i 


cell division in more than one plane. a 
ceous type, the hall is 


. Siphonaceous type —In siphona: 

up A ba hollow tube-like structure called coenocyte. a 
cytic filament (without partition walls) contains m : 
branched. Examples: species of Vaucheria (Chlorop yta), 
Chrysophyta, Xanthophycez). Š š 
: * Bessie type—In e type, w plani D 
i into a prostrate system of bra jee 
jenro ie. creeping) and an erect system oane 
or more branched filaments developing away byte 
This type represents the most highly Ae fe 
Lue Lad species of Coleochaete, Stigeocton : 
Batrachospermum (Rhodophyta) etc. 
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Special Comp. —The complex type of thallus 
AL is Alt by Lo of Chara (Chlorophyta), pe 
l aminaria (Phacophyta), Polysiphonia (Rhodophyta) etc. 3 n 

types, the thalli structures are not only characterised by their 
I woes but also in their external and internal structures. 


i i i iated 
in some cases is very complex being differentia 
Tees ed an annual portions ; in between two such portions 
3 meristematic region is often present. The thallus is also internally 
into pseudoparenchymatous and parenchymatous 
structures. 


š 


9f Algae: Whatever may have been the origin of the 


the bacteria, all the divisions of algae must have arisen 
ancestors, probably from among the autotrophic 
(Dodson, 1960). 


It is not yet clearly understood due to 
available evidence whether the different divisions of algae 


ntly or from a common ancestor. However the 
Cyanophyta or blue-green algae form the e 


in the fossil record ; these plants are extraordin 
lack of a distinct nucleus or 


chlorophyll. In p of du facts it is reasonable that the 

Qlinophyta may ancestral to some other algal divisions including 
phyta. The Euglenophyta, typified by Ey ibi 

advance characters over the b s Poss 


i 


H 


° i Chlorophyta alth | 

ape pe Produce by aple on The division Cuore 
ae : » h In line of evolution lead 
Pera. I algae and higher 


the division Rhodophyta "iD Point from whi 
based on the Similarities in s ophyta 


€ div 18 
loid generat Drimitive 
and the presence Uction division ation in th life eyo} 
o of e ycle 
aid due to some ~ odi jo e alternat Of sa Zygote nucleus 
that Ri alternati n Cation 


erations whi t 
i rom the ea "hich 
similarities Phy tà have [nene There is anoe gstablished 
Pigment yanophyt. , Peculation 

° and complete absence’ otis is 
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structures in both the divisions. ivisi 
pu ite oe by some Besek 
S hold the idea that divisions Chlor 
Rhodophyta have evolved independently ME line: 
common primitive ancestral stock. Feldma col 
that algae having isomorphic alternation of  geneeatin 
primitive; from such algae, members of Phaeophy 
Rhodophyta have evolved. On the other hand Senn it 
suggested, on the basis of pigmentation that Phaeophi 
originated from the division Chrysophyta (golden-brown al 


1.4 Origin and Evolution of Sex in Algae : 


_ Origin and evolution of sex in alge can be traced if the re 
tive processes of the various divisions of algae are studied in 
The division Cyanophyta includes simplest and primitive Ü 
plants. The members of this division reproduce by ¥ 
asexual methods. Sexual reproduction is lacking. 
reproduces by means of fission, whereas in Nostoc and 
vegetative reproduction takes place by the production of /iorm 
(hormogones). They also reproduce asexually by means of @ 
or arthrospores (resting spores). ; 


In higher algal divisions, reproduction takes place by m 
vegetative, asexual and sexual methods. Asexual reprod 
commonly takes place by means of motile zoospores andi 
reproduction by the fusion of two gametes. 


It was thought that the zoospores were most probably prot 
before the origin of gametes for sexual reproduction 1n. 
ancestral species of Chlamydomonas, Ulothrix etc. : 

d by some species of Chlamya 

The zoospores produced by p es oi D 


i of 
are smaller than zoospores. In Ulothorix sp- wo si 


i and Ulothrix the zoospores 
Ts kA poH piri rmation and liberation, 5 


iffer in their size an j 
reta zoospores and are produced in. greater n 


i ivisi t an early 
ion takes place if the division stops a à 
Weder a longer period, thi 


only difference lies in the n nda 
en he ps have originated from zoospores. 


ion of 
conditions, sexual reproduc j used by the uni pe 
which act as gametes 1.¢. identic 
permanently be 
Parthenogenetic. 
supported this view. 
zoospores into gametes 


of sex. 
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origin ted from the alga Oedogonium sp. 
d ns I awana are produced from the parent 
cul which varies from large zoospores to small gametes. 

The gametes are unable to develop into new plants directly 
without union but in some cases gametes directly develop into new 
plants by genesis. After the formation of gametes, the 
evolution of sexuality took place from isogamy to oogamy through 


The smaller biciliated gametes of identical structure unite in pairs 
forming a say ad and the process is called isogamy. The zygospore 
geuminates into a new plant. The gametes in isogamy i.e. isogametes 
are indenticalin size. In evolutionary series dissimilar gametes i.e. 

are produced from similar gametes (isogametes). 
Of the two dissimilar gametes the larger one is considered to be 
equivalent to the female and the smaller one to the male. 


‘In some species of Chlamydomonas, Ulothrix, Cladophora, 


Ectocarpus etc. sexual reproduction takes place by fusion of two 
motile flagellate and non-indentical gametes called anisogametes 
and the process is called anisogamy. In Spirogyra sp. conjugation 
takes place between two similar non-flagellate gametes i.e. isogametes 
(aplanogametes) of which one is active and the other one is passive. 
active gamete leaves the seat of origin, moves through the 
conjugation tube to the opposite cell and unites with the passive 
gamete forming a Zygospore. In this case the gametes are 
y similar but are biologically different. H Š 
is called physiological anisogamy. In species of E foe pe 
etc. Sexual reproduction takes place b esed aa 
biologically different isogametes which fuse bese ners of 
individual forming 2ygospore in pairs outside the 
Next step in the evolution of sex is a 


E ade: E inisogamy which is a more 

illustrated in some Species of Chim iuis as (C. brats type o 

— dab 4 ydomonas (C. braunii 
pecies of Ectocarpus etc. where the fusi 

identical in siz. io 

me ie. Eudorina Sp., i ies of Pee ot , 


Sex towards 
f Step of sexual repr PE 
rane ng the members of oquction is the o 


fee Pace Ogamou 
antheridia anqa Unite with the fema[. S forms 


Ogamous t. 


eproduction į 
ra, Fucus 


active and e 
Within ne? gametes or ale gametes a larger one Smaller, 
idi 8 -moti 
gamete (i e. eg) dium but Hired Produced in linee € 
Species of Volyox gege MOUS type of zeroa COntains a PS 
» Oedogonium, au nt 
eria, Cha 
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gametes unite in pai 
form, 


In Fucus and Dictyota, the oogoni m 

: 1 gonium produces 
which are liberated out in water ; ciliated Mis are ala 
water. Each egg is fertilised externally i.e. outside the oo 
a motile biflagellate sperm. d 


Gradually there comes a tendency to retain the egg in 
oogonium. The number of eggs is also reduced to ont 
case, the egg is fertilised within the oogonium by a sperm. T 
of well advanced oogamous type is represented by the ! 
Oedogonium, Vaucheria, Chara etc. ; in Chara there is a ten 
sex organs becoming multicellular. : 


The gametes are non-motile in the division Rhodophyta. ` 
the members of Rhodophyta, sexual reproduction is of 00 
type—both male and female sex organs are distinctly pres 
gametes are not sharply differentiated and flagellate, instead th 
represented simply by protoplasts not differing in appearance 
vegetative protoplasts. e 

Finally, the oogamous type leads to the developmento 
oospore within the oogonium as seen in Coleochateae sp. WAS 
oospore is enveloped by a pseudoparenchymatous layer. H 


This shows that evolution of sex has taken place from 
simplest to the highest type. Á 


1.5 Economic Importance of Algae : 


ini he division. 
Algae are chlorophyll containing plants under t s 
pute Algae can manufacture their own food wa M 
of green pigment chlorophyll and hence they are autophy 


ic i Some of the alg 

has great economic importance. é 

the pes Noliocasese under the division ae [ 
atmospheric nitrogen within the soil, thereby they 


fertility. ; No 
the brown alga Macrocystis Sp. 8 . 0 

iaaa called ‘algin’ is produced shig i we pue aly 

d in rubber industry. ° x: Wi 

e pe) is the source of iodine, bromine, potassium etc. } 


used as fertiliser. Aa m 
The algae under the class Bacillariophyceae are © gt 


Diatoms. The members of Bacillario 


i i aceous eart 
earth' after their death and decay. Diron eo nigh expl 


ishi se and in the manulact 1 
Leben dir also used as heat insulator in 
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i intained. Diatomace- 
steam pipes where ture IS maintaine ` he 
earths —— 2-5 "sasapuni cementing ee ya also 
= mofo ue i d as bacteriolo- 
daa of porcelain and glass, an 
wed 
ious 
Agar-agar, a gelatinous substance is produced om m 
members of “Rhodophyta. The chief sources of. nd 
species of Geladium, Gracilaria etc. Agar-agar is used in. asking 
len : soup. “pastries and to stiffen SM n ved 
1 " ffungi and bac 
Runs paeran cong evi substance used 
1 ere "aisé polish, shampoo and cosmetics ; 
it is also used in the preparation of pudding and other foods. 


Green alge are the 


potential sources of protein. The proteins. 
of alge contain all the essential amino 


acids and many other acids. 
After . in Chlorella pyrenoidosa, C. vulgaris and Anabaena 
cylindrica, Fowden found 23 amino acids of which some important 
ones were glutamic acid, glycine, serine, alanine, arginine, valine, 
threonine, tyrosine, leucine etc. 


te used by the 
u€— People as food. The sea-weeds used for their meals are 
formis, Undaria pinnati 

number palatable sea-weeds are found on the 

The following c pie weeds by Zaneveld : 

» Ia, Eneromorpha, Caulerpa and i 

algae ; Rhodymenia, eneia and Acanthop 

members at ro alge Padina, 

sum. Withi 5 

lium chlorides rgas. ithin the sea 


are found in i 

In Scotland 
of salads and 
Rhodymenia 


» Chnoospora, 
Weeds potassium and 


ne is also present. 
M semp (sea lettuce) is used for the preparation 
PS and in Scot aminaria Sacharina, 


Its toasted 

. IS alga co ~~~» SOME vegeta. 
has a gr itiga Contains vitam à 

that of rice protein. great nutritional Value which is far. iol Roo n 

° 
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. Another important alga is C, 1 
vitamins and is rich in proven: The eae eal 
une T oy are necessary 
itamin C, t iamin, Provitamin A, rib b 
pantothenic acid, folic acid, vitamin B... Ere. bioti 
Inositol, lipoic acid and amino benzoic acid are - 
of Chlorella. Like Chlorella, Scenedesmus also co 
minerals like phosphorus, potassium, magnesium, su 
iron, copper, manganese, zinc and cobalt, 


_ Brown algae, due to their high iodine content, are 
goiter medicine, e.g. palcoto, obtained from kelp- 
goiter check by South American Indians. Ag; ) 
making many kinds of pharmaceutical products such 
ointments ; it is also used asa base for several types of 
Antibiotic ‘chlorellin’ from Chlorella is known which inhibi 
of several species of bacteria and is effective against oth 
The extract from the genus Chondrus is used as a blood 
Extracts from Alsidium, Corallina, Codium, Digenea etc. co 
effective vermifuge, and the Kavirajs use many kinds of alg 
treatment of kidney and lunge diseases. 


Inspite of so many beneficial use, there are some alge, 
members of Cyanophyta, which are rather harmful; the! 
bad smell and fishy taste to water when growing in l 
making the water poisonous, animals are killed at once by d 
such badly contaminated water. Deaths or poisoning of hut nan 
from the consumption of fish and shellfish are actually cal 
dinoflagellates (Gymnodinium, Gonyaulax, Dp: Ac 
algae are the main source of food for many mar ren 
some of them contains endotoxin. Although the MR rn 
the fish and shellfish themselves, it accumulates -— 
(mainly in the liver) and causes severe illness or even death. 


cure n Cyanophyta (Mxyophyta or 
Schizophyta)—Blue-Green 
Algae 
2I Distinguishing characters of Cyanophyta : 


Most primitive type of plants having simple cell structure. 
H The wepetative body may be unicellular, multicellular filamentous or 
colonial types. 


| 


I fesddtios to photosynthetic pigment chlorophyll (chlorophyll a, carotenes. 


Moe known as c-phycocyanin and sometimes a red pigment 
Town an Airese pikrin of varying proportions are present. 


are distributed in the peripheral cytoplasm of the cell, called 
V s- T localised in distinct plastids i.e. definite chromatophores 
LU 2H 


4 Distinct nucleus is absent in the cell ; 
wallin West's incipient nucleus or the central body is found to be present in each 
ull which is devoid of a true nuclear membrane and a nucleolus. 

S. The cell wall is overlapped by gelatino 


us or mucilaginous sheath. 
& The reserve food materials are granules 


of various food substances such as 
Sen sorch (glycogen), cyanophycin (protein) and also the carbohydrate 
end utis mode Mad flagellate Teproductive structures (e.g., zoospores, 


sawa ha nal duction is completely lacking Reproduction ‘occurs 
M3 General account of Cyanophyta: 
Occurrence :—The division Cyano 

Known as blue-green algae, rath el or Myxophyta, commonly 


single class 
Or Schizophyceae. e members of thi 


| 


instead, a primitive type of nucleus 


gametes 


only by 


š 


There are approxi 

15 yi occurring in aerial, RER nil and aan 

ved ed le tons on the Surface of fresh 
I ) y are 


iH 
i! 
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trichomes (Microcoleus) 
straight or coiled. 


Cell structure—The cell wall surrounding a cell protop| 
of an inner thin cellulose layer, a median pectic layer 
mucilage layer; the outer layer may be again envelop 
thick gelatinous layer of varying thickness, called cell shea} 


The function of sheath is for absorbing and retaining. 
Moreover in plankton species the extensive sheath also 
floating device. 

The protoplast lies beneath the cell wall. „There may or mà 
e a plasma membrane. The protoplast in a cell is differer 
into two regions, e.g. a central colourless region—the centro 
the central body, and the ccloured peripheral region—the clu 
within which protoplasmic ue p Mee š 
and other reserve food materials [car o! 1 
cyanophycean starch (glycogen) and cyanophycin (protein) i 
form of granules are embedded. ] 

Pigments such as chlorophyll a, carotene, zamon i 
thin, myxoxanthophyll), c-phycocyanin (blue pismen is o 
(red pigment) of varying proportions are distribu pe bi? 
chromoplasm. The protoplast is highly viscous Eo 
consistency. The chromoplasm is lameller in byeto 

i ies— odi 
grana-like bodies— within such bodies Dd T nye beca 
some species, cell to cell cytoplasmic connectio 
exist. j . A numb 
k Generally true vacuoles are absent in ths prone & a 
vacuoles, called pseudovacuoles (porka shite planktonic 
distributed throughout the protoplast 2 d in such p 
These pseudovacuoles provide greater buoy sey tese. GN 
ies and also act as light screens again: wave lengths of li 
The "dng species, when grown in dieren ositionss 
shows significant variations, Whi lioet. DEAL 
i i eory ot co our 
Ghidutov (1902, 1903. "This theory, holds, thar, cle Ç 
igmented portions of a protoplast is hich the plant is growing. 1 
Sus quality of light waves in whic 


7 'enon. 
of adaptation is known as the Gaidukov de Er 
De central, Body ie. contoptem s nist Sa 8 
7 , *nucleoplasm' w Str the total volume 
iter inei ess a quarter or one third o Wr 

MP! mio eaters bod consists of a network of co dedi 

jn are emb 
oi bera * decem pou granules of chromatin ar a 
in 


2 According to G. M. Smith (1950, '55) 
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ised into a 
material i atin granules are not organis [ 
nucleus with ME mperibrane. Thus true ule, P 

Besides the chromatin granules, the Cp. a 
contains various kinds of granular bodies. The central body 
alio called West's ‘incipient nucleus’. 


‘Views regarding the nature of the central body :— 


te) According to Fischer (1905), Haupt (1923) and others the centra] body is- 
mot a tree nucleus though it takes nuclear stains. 


(1927) isolated nucleic acid from the central body and 
IE Dor the central body. 


Kohl (1903), Gardner (1906), Lee (1927) and others think that the central 
Ms the ce form of nucleus composed only of chromatin 


E 


been demonstrated that the granular bodies i.e. granules of 
in the centroplasm contain deoxyribonucleic acid (DNA), 
(RNA) and protein; the DNA molecules apparently determine 
heredity of the cells. According to Shinke and Ueda (1956), in 
princeps, there are ‘chromonemata’ or ‘chromosomes’ in the 
that remain in dispersed state throughout the protoplast without 
a definite nucleus. According to them these chromonemata are 
of (a) a thin limitin 


g membrane, (b a homogeneous chromonemata 
and (c) many fine threads. 1 2 


id 


i 


These threads are arranged perpendicularly 
to the longitudinal axis of chromonemata and are parallel to h ot i 
many workers regard the centroplasm a hoe 


as a region filled with reserve substances, 

Nutrimon—all members of Cyanophyta are autophytes i. e., 
they can Prepare their own carbohydrate food by virtue of the 
chlorophyll content. Photosynthetic 


food rese i 
at (glycogen) ote Ives are mainly 
E ese protein granules conta 
acid En LA uaminopimeli acid. Besides, 
o! 
ripi Min. 7) Many genera (Nostoc, 


MOVEMENT —Many trichomatous and 


filamentous 

x iruli; membe 

power of spontaneous” pirulina, hormogones of Nostoc) Da, "ute 
is accomplish P enis. The movement Mj e 

substrates and by re ested by th 


n 
m of motile ropnophyta is entirely 
Clive structures 
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are not found in members of C | 
: yanophyta. odi 
place only by vegetative and asexual method Es 

l. Vegetative re roduction—I i ^ 
and fragmentation. i takes pico ME 

(i) Cell division is the simplest type of vegetative re 
In this case a ring-like outgrowth develops in the middi 
unicellular types. The constriction gradually’ deepens at 
divides the cell into two daughter cells which remain w 
common gelatinous sheath. j 


(ii) Fragmentation :—In the filamentous species, rep 
takes place by fragmentation or breaking up of the filar 
two or more smaller parts,—each of which is composed of 2 
celled bits, called hormogonia (hormogones). 

Each hormogone, by cell division, -grows out into a m 
filamentous plant. Fragmentation occurs either due to | 
certain cells or by the destruction of cells due to animal b 
due to weaker union between certain cells of the filament. T 
species the filaments break into hormogones at certain points. 
consist of thick-walled cells called heterocysts (Nostoc), or 
development of dead biconcave cells or discs of gelatinous I 
called separation discs (Oscillatoria). b 

In colonial non-filamentous types, accidental breaking € 
colonial envelop gives rise to one or more daughter coloni $, 
part of which ultimately develops into new plant. 3 

2. Asexual reproduction—It takes place by the fo matk 
following non-flagellate spores. , 
(i) Hormospores (Hormocysts) :—In some cases s ho " 
developing from the tips of the filaments, behave li ues 
spore-like bodies called hormospores. Hormospores are c 
bodies of different shapes, hormospores on germination gi 


filaments. 
HI :—In some filamentous 


storage of reser 
und them, and behave as 


The coron M ; 
inetes may be formed any w. "o 
amta ti ted positions next to heterocysts. (Nostoc) Th je 
remain either singly or in short and long chains. ee 
(iii) Endospore :—In some unicellular members, i P: f 
rotoplasts of the cells divide to form sma spiede ai EA. 
Aud thin-walled spores known as endospores. 
| the cells endogenously. m dd 
ore :—In some epiphy ypes, at OHS 
the (5 reos oen wall, the protoplast begins to C 
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spherical, thin- i i d exospores, 
ike bodies successively calle 
va papas may remain attached to the 
De P give rise to new individuals. z 
Nannocytes :— e non filamentous forms much smaller 
"= E reduced dos to one another due to successive 


like endos- 
divisions nannocytes. Nannocytes look exactly 
Wawa ot real finally forms normal vegetative cell. 


(ei) Heterocyst :—All filamentous forms of Cyanophyta (except 


Protoplasmic connection exists between the heterocysts and the 
adjoining vegetative cells by the polar pores; in case of terminal 
, there is only one polar pore near the adjoining vegetative 
cell but tercalary heterocysts have two polar pores. At maturity, 
Polar pores are closed by button-like thickenings called polar 


are abortive spore-like asexual reproductive unit 
and in exceptional cases each germinates t » 
plant. Someii 


yta are rather 
imp may Tender water ; 


; ater supply reservoi 
a foi n Teservoirs unfit TA Servoirs, 
form a ul odour anda or drink 


= produ owth on the Surfaces of Pools, di 
bes ig the Phenomenon k Te 
'eported have bi i iles 


cen killed at 


ting the 
Water bloom”. me 


y h 
once by drinking that 
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CLASSIFICATION—Fritsch (19 

| t 45)* has classi 

ceae or Cyanophyceae into the followinw pedes 
A. Without hormogones : 


Order 1. Chroococcales—Th i 
2 root —Thallus unicel onial 
duction by cell division and by endospore turan aa f: 
fresh water, some are lithophytes. ` s 
Family Chroococcaceae. I : 
oben. mportant genera : Chroococe 
Order 2. Chamaesiphonales—Unicellular "EU 
: — or colonial ` 
reproduction by endospores or exospores; members are 
epiphytes or lithophytes—marine or fresh water. 
Family Chamaesiphonaceae. Important genus : Ci 
Order 3. Pleurocapsales—Thallus is heterotrichous, fi 
type— without heterocysts ; reproduction by endospores. 
are marine lithophytes, few are marine epiphytes. 
Family Pleurocapsalaceae. Important genera: 
Radaisia etc. 


B. With hormogones : 
Order 4. Nostocales—Thallus filamentous type, often 
(rarely true) branching; heterocysts present; repr ) 
hormogones, hormocysts (hormospores) and akinetes. Mostly f 
water types. Ë 
This order contains four families e.g. Oscillatoriaceae (Gene 
Oscillatoria, Lyngbya) ; Nostocaceae (Genera : Nostoc, baeni 
Scytonemataceæ (Genus : Scytonema); Rivulariace® (Ger 
Rivularia, Gloeotrichia etc.) E 
Order 5. Stigonematales—Heterotrichous filamentous types W 
true branching ; majority with heterocysts. Reproduction b 4. 
mogones, heterocysts ; rarely by akinetes. Family—Stigone! ° 
(Genera : Stigonema, Nostocopsis etc.). : 
The classification as adopted by Smith (1955) is as follows : 
Order I. Chroococcales—Fresh Ni forme s gni 
is formed of loosely adhering or aggregation of Ce D hi 
seis Reproduction is effected by cell divisions or by breaking 
cells are 


colonies, e.g. Gloeocapsa. nd 2 
der II. Chamaesiphonales—Mostly marine, 

or Ead to form colonies, mostly filamentous. Rep! i 
by endospores, e.g. Chamaesiphon. mu E 
iales)— Jon 

Order III. Oscillatoriales (Hormon rales) y ho s 


Cells are united in filaments. Repro 
akinetes, e.g. Oscillatoria, Nostoc, nd ae 

IC RELATIONSHIPS OF YANOPHYT^ 
pei regarding the phylogenetic origin 


definite evidence 
production of Algae—Vol. II 


1 The Structure and Rej 
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llated unicellular ancestral types. 


415 


This ancestral 


se nga! * but it is thought that members of Cyanophyta probably 
stock lated to the flagellated unicellular 
ms ` ve dee to the other algal divisions. pe 

poem the Rhodophyta (red algae), in that both lac 


eproducti ften 
uctive cells and the former possess o 
a red em Ms cobilino) very similar to the red pigment of the 


Sometimes occurrence of protoplasmic connections 


connections) like that of the members of Rhodophyta in some 
Dtm of ts Cyanophyta has been noted. Cytologically, the 
are more primitive than any other organisms known to 

present day, except bacteria with which there are similarities, Both 


the bacteria (Schizo) 
the lack of á hi 
teproduction. 


CONCLUSION EE 
primitive and simplest type of algae as r 
Characters, absence of true nucleus, 


Ë matters ie. chromatophores a 
- In course of evol 


phyta) and Cyanophyta resemble each other in 
ghly organised nucleus and in the method of 


phyta or blue-green algae represents the 
egards their morphological 

distinct plastids bearing 
nd in the method of 


ution it is presumed that the higher 
groups of algae originated from this division. 
23 Comparative account of the Structure and Life history of 
Gloeocapsa, Oscillatoria, Nostoc and Anabaena : 
Gloeocapsa Oscillatoria 
Nostoc Anabaena 
l. Occurs on Found to occur 
dep — rocks, in ponds, streams Found in fresh Fresh water alga 
moit walls and and moist places Water (aquatic) found to occur in 
moist flower as free floating 3$ free floating Ponds, pools etc. 
pana a m either Jelly-like . mass; either singly or 
Drown, singly or forming Some species may forming an ill- 
Teddish € olive ive sheets Oe submerged, defined stratu: 
coloured or violet x ttichomes, lying at "tme but never forming 
FI masses this alga may bottom of pools, colonies , f deft 
ip. or muci- also occur in the or attached toa nite "rote 1 
Of a thin  Substratum, Som im 1 
layer on the moist terrestrial species trichome ets 
oron other are found com- occur wi hi P 
damp Substratum monly to Browon soft within a 
the moist b h t gelatinous 
Water. are soil s h 
Most of orming con- cath. Some 
Species are f voluted ae Species are endo- 
Water while Species of Nosy, pars found 
© are marine. Sccrete lay 44 Toots T c " the 
amount of slimy in the leaves af 
eat Subs- Azolla etc. 3 
oun i 
filaments, yd 
Several flame 
are held in the 
Matrix of jelly. 
Some species azs 
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Gloeocapsa 
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Oscillatoria 


VEGETATIVE STRUCTURE 


2. The plant 
body consists of 
a single cell 


(unicellular) and 
is simplest type. 
Cells of Gloeocap- 
sa occur in small 
irregular groups 
embedded within 
thelayers of the 
jelly or gelatin; 


sometimes cells 
occur singly. The 
individual cells 


are spherical or 
oval in shape and 
are surrounded 
by stratified 
or homogeneous 
layers of hyaline 
or coloured gelati- 
noussheath enclo- 


.1—Gloeocapsa Sp- 
Fig. 2-40 Tew cel 


sing an inner firm 
cellulose layer. 
Each cell consists 
of an outer cellu- 
wall enclos- 
within EE 
roto} . 

ag Prrotoplast 


„The plant body 
ie. thallus is 
cylindrical, and 
unbranched  tri- 
chome without 
sheath, or 
with barely 
perceptible 
watery and 
hyaline sheath. 
The tip of a tric- 
home may be 
straight, curved 
like a sickle or 
coiled likea screw. 
The trichome 
consists of flatte- 
ned cells placed 


one upon the 
other in a row. 
The cells are 


cylindrical having 


length shorter or ` 


rarely greater 
than the breadth. 
In some cases the 
terminal cell is 
convex or round- 
ed at its free end, 
in some : 


—Structure of a 
vi C & D—Dividing cells. 


necklace forming 


Nostoc 


endophytes, occu- 
ring within 
Ussues of other 
plants like Cycas, 
Anthoceros etc, 


.The plant body 
is a much contor- 
ted, unbranched 
filamentous type 
with a definite 
gelatinous sheath. 
Generally several 
filaments are 
aggregated — to- 
gether within a 
film of gelatinous 
envelop forming 
litle  balis or 
colonies of jelly 
called Nostoc 
balls, Each tric- 
home consists of 
a single-series of 
small oval or 
ellipsoidal cells 
attached together 
like a chain of 


inter- 
densely ass. 
Each cell con 


of a single cell. B— Colony of 


S YANOPHYTA 


Nostoc 


ë hro- 
pheral cl 
apami: 


of the Species of Oscillator, 
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Anabaena 


toria filament showing 
"pe Filament of Oscillatoria T 
 B—Filament of Nostoc sp. m 
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Gloeocapsa 


The colourless 
granules present 
in the periplasm 
of the cell are 
probably com- 
posed of glycogen. 


MOVEMENTS 


3. No movement 
is found. 


STUDIES IN BOTANY 


Oscillatoria 


pigments, In 
Oscillatoria prin- 
ceps, O. tenuis 
etc., with the help 
of electron 
microscope, it 
has been proved 
that the central 
body is composed 
ofa thin limiting 
membrane  con- 
taining a homo- 
geneous matrix in 
which delicate 
chromatin threads 
are arranged in 
dispersed state. 
Some different 
types of cells Że., 
double concave 
discs of gelatin- 
ous material are 
found within the 
trichome, called 
separation discs. 


Trichomes of 
Oscillatoria 
exhibit peculiar 
swaying back and 
forth, oscillating 
and also twisting 
and rotating 
movements—these 
movements are 
mainly due to 
alternate contrac- 
tion and expan- 
sion of the cells 
of trichomes. 


REPRODUCTION 
Vegetative Reproduction : 


4. Cell division 
or fission is the 


a result of cell 
division a colon 
of 24 e 1 

ual ormed. 
Du s g this 


„a ring- 
Pike outgrowth 
in 


Reproduction 
does not take 
place by cell divi- 
sion or fission. 


Nostoc 


Reproduction 
d En not take 
place by cell divi- 
sion or fission. 
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separation discs, 
etween the 


mogonia Some. 
times break of 
filaments int o 

ormogonia takes 
place also by the 


cay of the 
vegetative 


ALGAE—CYANOPHYTA 
Nostoc Anabaena 
Gloeocapsa Oscillatoria 
The consirition 
deepens 
Son 
into 
Es daughter 
cell next secretes 
im ows mocis- 
sheath. 
frou daughter 
ess may be bold 
w The 
colony u 
envelopedby 
à — 
6»mmon G 
ath. A 
me Fragmentation The plant body 
P comen RM ne of the filament breaks down into 
by meansof short fra ments into hormogones separate parts and 
iL... known as hormo- takes place due each partat least 
gonia or hormo- to the appearance with a single he- 
pà gones. Hormo- of different kind terocyst is called 
. gones are formed of cell called he- the hormogone. 
° by the death of terocyst here and Each broken part 
cell or group of there inachain; ie. hormogone 
cells in the tric- a heterocyst differs forms a new fila- 
me or by from theadjoining ment after germi- 
accidental break- cells by its thick nation. 
ing before walls, much larger 
separation; hor- size With pores at 
Mogones are each end and its 
delimited in the transparent con- 
ne by the tents—these he. 
formation Of  terocysts serve to 
double concave break up the fila- 
discs of gelatinous ments into hor- 
tency called 


Cells, 
may twò or Ra 
more celled bits, i. ^d frag iodOne 
each of which Piece consists of 
finally develops two or more Cells 
into a new Plant and develops in- 
to anew Plant, 
Asexual Reproduction : 
6. or Akinets or 
n Tes i 
resting spores ting spores are ea hap Certain vegeta- 
are not generally not formed in] fee em ive ends of th 
— But in GFS forage ole flamen: ° 
ae X storage of Teserve duet r1 stone 
Gg spore wit Se or a ve food 
€ thick walls matters Sec- 
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Gloeocapsa Oscillatoria Nostoc 


firm thick walls 


are formed. round tt 


Theseoval-shaped 
brown or yellow 
coloured repro- 
ductive units are 
Called akinetes or 
Testing spores. 
Akinetes can with- 
Stand extreme 
cold and drought 
Akinetes are for- 
med next to he- 
terocysts and 
under favourable 
conditions ger- 
minate into new 
filaments. 


Fig. 2.4—Resting spore or aX 
fonostion in agri 5. (A) at 


ig. 2.3—Filament of Anabaena sp. 
Fig. 2. 7 


7. Heterocysts Heterocysts are PE, f ed a 

are absent. absent. REO ME formed 
or change in divi- 
ding cells. 
protoplasmic con- 
tents of hetero- 
cysts becom 4 
transparent an 
the walls become 
thick ie. double 
layered. They may 


ALGAB—CYANOPHYTA 


i r Oscillatoria 


Nostoc 


be intercalary or 
terminal in posi- 
tion ; protoplas- 
mic connection 
exists between a 
heterocyst and 
the adjoining 
vegetative cells 
by the pore at 
each end (called 
polar pore), each 
polar pore finally 
becomes thickened 
to form polar no- 
dule. Heterocysts 
may occasionally 
function as spores, 
for in a few cases 
they have been 
observed to ger- 
minate into new 
filaments: 
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Anabaena 


"'OSCILLATORIA 


Vegetative reproduction 


Hormogone 


Fig. 2.6 


—Life cycle of Oscillatoria. 


ANABAENA 


Vegetative reproduction 


Hormogone. 


Akinete 


Arthrospore 


Fig. 2.37; 
18. 2.8—T ife. Cycle of Anabaeng 


422 


STUDIES IN BOTANY 


Systematic Position : 


Gloeocapsa 


Gloeocapsa be- 
longs to the family 
Chroococcaceae of 
the order Chr- 
oococcales under 
the class Myxo- 
phyceae or 
Cyanophyceae of 
the division 
Cyanophyta. 
Salient features : 


1. Unicellular 
plant body sur- 
rounded by thick 
gelatinous sheath. 


2. Cells occur 
either singly or in 
groups forming 
colony within a 
gelatinous sheath. 


3. Reproduction 
takes place mainly 
by cell division or 
fission. 


Common Indian species 


Gloeocapsa gelati- 
nosa; G.atrata ; 
G. punctata ; G. 
decorticans; G. 
montana; G. 
aeruginosa etc. 


Oscillatoria 


Oscillatoria be- 
longs to the 
family Oscillatoria- 
ceae of the order 
Nostocales under 
the class Myxo- 
phyceae or 
Cyanophyceae of 
the division Cya- 
nopbyta. 


.l. Plant body 
is unbranched 
trichomatous type, 


rarely the trich- 
ome possesses an 
extremely thin 
sheath forming 
filamentous struc- 
ture. 


2 "Cells 2 Ta re 
cylindricai—t he y 
are broader than 
length. 


3. Reproduction 
by fragmentation 
of the trichomes 
into hormogones 
at the separation 
discs or as a 
result of acciden- 
tal breaking takes 
place. 


4. Thallus exhi- 
bits various types 


of movemens 
eg. oscillating, 
gliding, bending 
etc. 


Oscillatoria 
nigra ; O. limosa; 
O. obscura; O. 
chilkensis; O. cal- 
cuttensis; O. 
sancta; O. vizaga- 
patensis etc. 


Nostoc 


Nostoc belongs 
to the family 
Nostocaceae of 
the order Nosto- 
cales under the 
class [m 
eae or Cyano 
ceae of ee 
division Cyano- 
phyta. 


1. Plant body 
is much contort- 
ed, unbranched 
filamentous type 
with a definite 
fiim sheath. 
Nostoc forms 
colony of 
sheathed fila- 
ments and the 
filaments are held 
together by 
mucilaginous €n- 
velop. 


2. Cells are 
oval, attached to- 
gether in a row 
forming chain or 
necklace. 


3. Reproduction 

by hormogonia, 
akinetes an 
often by hete- 
rocysts. 


4. Presence of 
terminal and in- 
tercalary hetero- 
cysts in ea c 
filament. 


Nostoc commune 5 
N. paludosum; N. 
muscorum; A 
hatei; N. puncti- 
forme etc. 


cuarrer im Chlorophyta 


X1 Distinguishing characters of Chlorophyta : 


Members division tain both simple and complex types 
rs con] m m Bhd unicellular, colonial or multi- 
FL - Members of this division are grass-green in colour. 
The cell wall is generally composed of cellulose. 
^ members are characterised by the presence of a definite or true nucleus 
qua dalled pyreccide, which are usually located on the chloroplastids.. 
y MN (chlorophyll a and chlorophyll 5) and the associated carotenoids 
PE xanthophyll) occur in the same proportion as they do in the higher 
i hence a grass-green colour is produced. The chlorophyll is localised 


Ë called chloroplastids. Chlorophyll masks the other pigments carotene 
F 


S generally lies towards the inner surface of the cell wall, surroun- 
diga 


vacuole forming primordial utricle. 


Generally food reserves are stored in the form of starch. In many species, 
ax end is intimately associated with the pyrenoids. Sometimes a few 
members produce oils in the form of droplets (Vaucheria). 


h^ jon occurs by vegetative, 
bodies like zoospores and 
flagella of equal length. 
& The sexual reproduction varies from simple isogamy, 
oogamy. 


asexual and sexual methods, Motile 
gametes are provided with 2, 4 or more 


anisogamy to 


3.2 General account of the division Chlorophyta : 


, lakes, Streams and 
Places, may float over t i 
pad n ey may Over the surface of 


Ç Water in masses 
9r remain atta 

submerged rocks, cliffs, pi UN 

Some species even grow i 

with a fungus. A few speci 

trees i 


URE :—The Vegetative b 
Tucture, it may range from si d 


multi 
(Spirogyra, Ulothrix etc Tellular co 


either Spherical the ay be dn ay " be 

# ica i n- : 
multicellular forms, pear-shaped or tet 
According to Smith (1950, °55) branched and 
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Phora) or the outer wall may be im i 
a) o pregnated with lime (C 
Mucilaginous substances are secreted over the walls in many fon 


e.g. Spirogyra, Zygnema etc. 


The protoplast is differentiated into cytoplasm, nucleus or mn 
and plastids. The cytoplasm mostly occurs in the form of primo 
Rae lying next to the cell wail surrounding a prominent 
vacuole, 


x In some cases several vacuoles are found to be present. 
tive cells of all the motile forms, either unicellular or colonial 
are provided with cilia or flagella. In these forms, two small 
are found near the base of the cilia or flagella called the coi 
vacuoles which function: as excretory organs. Another im 
feature is the presence of eye spot (stigma) in the motile f 
cells. The eye spot is located at the anterior end of the cell. 
eye spot or stigma is a light receptive organ which appears 
concerned with directing the movement as a response to 
stimulus of light. Each protoplast contains one or more ; 
cells are either uninucleate (more common) or multinucleate (^ 

common). The nucleus is definitely organised with a nuclear m 
brane, nucleoli and a characteristic chromatin reticulum. 
division is mitotic which is similar to those of higher plants. 
also occurs in some genera. The protoplast contains a 
which vary in shape according to genera; they me bo 
spiral band-like, cup-shaped, horse shoe-shaped, retiem at 
perforate or entire, peripheral in position and are usually ko" 
with one or more organelles called pyrenoids. F oo 


f a central core of colourless The 
proteinaceous substance enveloped by minute. starei be 2 
pyrenoids are generally regarded as reserve protein ; dod |t 
of the pyrenoid plays an important role in the forma 


ve the 
The members of the Chlorophyta or grass-green aleng ie. "d 
pigments consisting mainly of chlorophyll a EU we (lui, 
together with carotenes («-and p-carotenes) and tap nS yee lasts 
viola-xanthine and poriam d ae ces llb predominate 
hloroplastids. orophyll a ) bi j: 
peg pigments, hence the members of this group genera | 


i tes of many 
green. Vegetative ce go P 


Each pyrenoid consists o 


lls of some plants and zy 
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special i hich 
possess of red pigment called hematochrome w 
m ae “ka kee cea (Trentepohlia). Hematochrome 


is & carotenoid (either beta or ketonic type) pigment. In some 


), the green colour may be modified by anthocyanin 
mm in cell sap. 


‘The amount of pigments present is greatly variable from species 
to specks and due to this variation, colour ranges from brilliant 
grauegreen to light tinge of colour. 

The product of assimilation is mainly starch. There are some 
species of Chlorophyta which store up reserve food matter in the 
form of oils, fats and glycogen. 

Rerroouction—All the three major types of reproduction such 
as vegetative, asexual and sexual are seen among the members of 
Chlorophyta. 


~ Í. Vegetative reproduction—The common vegetative method 
consists in the fragmentation of filaments (i 
two or more pieces, each pi 


t individual. 


Ln 
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t - Cell division is the 
vegetative reproduction am promon 


Asexual reproduc 
the formation 


LH 
$2 
i 
4 
4 


T 


tion—The asexual reproduction i 

s rep on is brought 
of spores either within vegetative cells d 
Vegetative cells i.e, sporangia. The 


r each cell varies fi 
hes n tom one to many, 
may “esse "n and naked or non- PU 


li 
! 
i 


Fae 
i 
5 
f 


The zoospores are li 

š iberated either through i 
lateral Pore nese iH rs mu the ea oh care 2 
jr © wall of the zo gi Hers 
period Test a zoospore &rminates into oe individual it 
i adult 


: ase: s: 
Tes germinate ws dem an o duction (Pi 
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3. Sexual reproduction—In Chlorophyta, the 


ductive methods ra i 
Dge from simple i niso 
more complex oogamy. e 


(a) Isogamy—In this type union of two morpholog 


gametes (which may be flagel] s 
Moa y agellate or non flagellate) takes 


., G Planogamic union—When union of two flagellate ; 
identical size and structure takes place ; example Ulothrix. ` 


(ii) Aplanogamic union—When union of two 
gametes of identical size and structure takes pl 
Spirogyra, Zygnema etc. 


(b) Anisogamy (heterogamy)—In this type, union tak 
between two flagellate gametes of unequal sizes and struc 
Caulerpa. 


(e) Oogamy—A special type of heterogamy or anisogs 
which female gamete i.e. the egg or ovum is immobile ; this | 
the most advanced method of sexual reproduction. In this. 
union fakes place between a small, flagellate, motile, ctive 
gamete (spermatozoid or antherozoid) and a large non-flag 
non-motile i.e. immobile, passive, female gamete (oosphere, 
ovum), e.g. Oedogonium, Vaucheria, etc. 


The sexual organs in higher oogamous types consist a 
and female organs known as antheridia and oogonia res} 
Antheridium is the male gametangium while oogonium is the 
gametangium. Sex organs are always unicellular. Both the 
and female sex organs may be borne by the same (homothal 
separate plants (heterothallic). 


The gametes after sexual union produce zygote. ] n: yg 
a period of rest, germinates into one or more new plants. 


4. Parthenogenesis—In some cases gametes yes to u 
germinate directly into new plants. Such pim F ir: 
nospores (also called aboospores, azygospores o 
process is termed as parthenogenesis. 


ic i tance of 
B IC IMPORTANCE—The economic impor I 
ine Ate, little. The members of this divi ae 
Pdf source of food for all marine WE nud 
some are also eaten by man, e.g. Ulva sp. (sea ERE 
f Spirogyra and Qedogonium are sold in Ae 
o Pci Some filamentous submerged an Mec 
co en algae play a part in the purification of ue oen 
e. sonra eman mis Eus F given 
respiration, and next the oxide whicb of photosyn 
i by the algae for the, p rO 
geet dont i released by green algae also pro 


i bly 
growth and activity of aerobic bacteria and probably 
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various i ther with 
impurities . Marine green algae toge] 

- nne (red algae) secrete nen salts 
2 important role in the formation of oceanic reefs. 


CuusncATON :—Fritsch (1935) has divided the class Chloro-- 
phyceae into nine orders as follows :— 


Order 'olvocale. ive cells are flagellate and motile. 
Plants : ee gentile colonial ; chloroplast 
Sakini ; fies water species. Sexual reproduction is isogamous, 

X or oogamous. Examples— Chlamydomonas, Sphaerella, 
Velox etc. This order contains three families, viz (a) Chlamy- 
demonadaceae, (b) Sphaerellacee and (c) Volvocaceae. 


Order Ii. Chlorococcales—Plants are unicellular or colonial non- 


Glamentous qs; chloroplast rietal. Sexual reproduction 
when present usually avc a Vegetative cell divisions are 
wanting, formation of all new cells is due to asexual reproduction 
or aplanospores. Fresh-water species. Examples— 
, Pediastrum, Chlorella, Scenedesmus etc. Chlorococcales 
contains three families, viz (a) Chlorellaceae, (b) Coelastraceae and 
^ (e) H. > 
Order III, Ulotrichales—Cells are uniled to form unbranched 
filaments or cellular expanse with small cells. Chloroplasts 
are girdle-shaped or axile stellate type. Sexual reproduc- 
tion is mostly isogamous. Fresh-water species. Examples : Ulothrix, 
This 


Utva order contains two families, e.g. (a) Ulotrichaceae and (b) 

rae AN». eJCladophorales— Multinucleate cylindrical cells are 

we Ga eae am rits. The chloroplast iş 

Teproduction is mostly isogamous. 

Marine and fresh, Cladophora. This 
ae. 


Á 


H 


may be girdle-shaped 
- Sexua Teproducti ped, 
9 oogamy. Asexual Te ~E ion ranges from 
fresh-wa Species. Production by zoospores, 
Draparnaldia Examples : 


ores. All are 
> Cole 
R qui c Odor 
i ed aet ales 
(©) Treutepohliaceae and (d) Pleurococon aetas, (b) Cole ochaetaceas 
Order yy Oedogon;, ç 
d Soniales—C. lin 
by enm unbranched or branched Y'Indrica] un 


inucleate cells iq; 
itt lament, ivisi S joined 
Zoospores Splitting of lateral w nts, “ie divisi 


i 8 are foll 
are multiflagellate, Sed" oroplast i lowed 
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Cogamous. All are fresh- 


It contains only: Water species. Example; 


2 y e.g. Oedogoniaceae, 

f . onjugales —Vegetative bod n 

cells may be united to form unbranched filaments A t 
Sexual gametes are alwa 

apable of amoeboid movement. Sexual re 

y conjugation of amoeboid gametes. Fm 


Order VIII. Siphonales—The ve etative b i 
coenocytic and multinucleate, or thalli consist n HE. r 
cleated cell which attains a large macroscopic form, either b 
or unbranched. Chloroplast discoid and numerous. Sexual ; 
tion is isogamous, anisogamous or oogamous. Examples : 
«Caulerpa, Bryopsis. Mostly marine. It contains two fami 
(a) Vaucheriaceae and (b) Caulerpaceae. 


Order IX. Charales—Plant body is an erect bran 
‘but complex i.e., differentiated into nodes and internodes 
node bears verticillate rows of branches of limited growth. 
walls are calcified. Cells ‘are uninucleate, chloroplasts 
and numerous in each cell. Sex organs are distinct, 
female oogonium or nucule, the male antheridium or globu 
sexual reproduction is oogamous. Fresh-water and bi 
species. Examples : Chara, Nitella etc. Charales con 
family e.g., Characeae only. 


G. M. Smith (1955) has divided the division Chlorophyta into two c 
1. Chlorophycese and 2. Charophycez. The class Chlorophyceae 
twelve orders, such as— 


1. Volvocales (includes families Chlamydomonadacez and Vo 
2. Tetrasporales (includes family Tetrasporaceae) 13 2 + 
- Ulotrichales—This order is again subdivided into subor 
P a) Ulotrichineae cuia families UN 
Cylindrocapsaceae. Chaetophoraceae, r 
PS46345 rTrentepet liens) and (b) Sphaeropleineae 
family Sphaeropleaceae) $ ; 
4. Ulvales (includes family Ulvaceae and Schizomeridaceae) e 
5. Schizogoniales ( Prasiolales)—This order includes only 
z Schizogoniaceae (Prasiolaceae). 
Cladophorales (includes one family Cladophoraceae.) 


6. 
s x 5 T 
7. Oedogoniales (includes single family Oedogonia: 1 
8. Zygnematales (includes families Zygnemataceae, Mesotaen 
Desmidiaceae.) É kl 
-9. Chlorococcales (includes families ^ Chloroccaceae; dei 


Characiaceae, Protosiphonaceaez, Hydrodictyaces, 
Scenedesmaceae.) 
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Siphoweles (includes families Bryopsidaceae, Caulerpaceae, Halicystidaceae, - 

» Codiscese and. Dichotomosiphonacez.) 

Th. Sikesecladales (includes family Valoniaceaeae.) 

12, Danycladales (includes single family Dasycladaceae.) 

Cus Charophyceae — This class contains single order Charales, and this in turn 
b divided into four families. All living genera (6 genera with 250 


species) are included in the family Characeae ; the remaining families 
include all fossil genera. 


33 Phylogenetic relationships of the Chlorophyta : The division 
4 includes both primitive as well as advanced types of 
members having simplest to complex methods of reproduction. 
Hence there is diversity of opinion 
According to some authors 
~ vt oven bactria while others believe that 
^e 5 probably evolved from green a 
types resembling Chlamydomonas. From sed 


) multicellular fila rth line there 
- Ütdogonium etc. and secondly brina Wr at, 
Draparnaldia etc. Some Pse: p: Stigeoclonium, 
be Ulva sp. ac 


g. 
thallus more than one cell thick. T 
tive 


isomorphic). Tt ; À i i 
that t is b n 
tracheophyta ) Ee p Op Phyta and t eae bt Ost 
ved from the filamentous. A . Plants 
- eries of 
3.4 Evolution " 
among th, 
(manimous agreement thar Chlorophyta * Although there; 

Palmeloid) and Chlorococca] mbers of both the or ere is Practically 
fige (ttt) have evolved iren of the divisio Tefrasporales 
(e.g. Chlamydomonas, 9 tectly from eae Chlorophyta 

"^ Put opinion dies, nicellular preen 

X Tegard g the 


.430 
STUDIES IN BOTANY 


relationships of those 

algne. . Accordi eko es orders to more complex orders 
(1916) the members of pekoa tei Smith (1950, '55) 
derived from tle JEN ME hales (ulotrichaceous algae) have bees 
According to Fritsch (1939 d Tetrasporales (tetrasporaceous 
derived directly fodi motile id members of Ulotrichales have 
beleive that members Gr ki oe sd forms. Many ph 

been derived from pet oytiea es (siphonaceous green ar y ! 
the genus Protosiphon NU MEE H Chiorococcsiea Sasia 
two Series. Biasa a Son Get an intermediate form between tht 
(1916), Printz (1927) and Pasch (1902), Feldmann (aaa 
multicellular coenocytic neonate (1931) suggest IN bod 
siphonaceous green algae i.e pte ec evolved a 
Sent Fritsch (1935) and us ers of Siphonales. On the other 
order Cladophorales and the Mies. ) think that ME 
Ulotrichales are related to aborde da RED under Sa 
multicellular coenocytic genera have been de ived f ant he oe 
of Siphonales. Again Egerod (1952) peer fae (1951 beleive 
that the members of Siphonocladales Tasycluanita o (O and 
Cladophorales have been evolved independently ^ oni 
members of Chlorococcales. Smith (1955) contradicts the 
views and states that most probably the multicellular 

green algae are not derived from the siphonaceous green 

(i.e. members of Siphonales). According to him, regarding 
relationship of multicellular coenocytic algae to other members 
the division Chlorophyta the best interpretation is that the 

of the order Cladophorales and the genus Sphaeroplea of the 
Sphaeropleaceae have been derived from Ulotrichales 


ulotrichaceous types and the remainder from Chloroc , 
chlorococcoid types. and Zygnematales 3 


Both the Oedogoniales 
not closely related to other The Oedogoniales - 


green algae. 
phyletic line derived from a unicellular motile green 
(Ulotrichales) with the same distincti 


ve flagellation as in 
and antherozoids of Oedogoniales. It seems probable 
distinctive ty dogoniales is a mo 


* 


oF 
Fri: 


pe of swarmer in Oe dification 
found in other Chlorophyta- 


bi- and quadrifla 
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aplanogamy. 
instead of flagellated gametes an 


lasts in Chlam. domonas $p- 
^ f Zygnematales from 


Bb 


any other 
d from algae 7 
losely related group ved 


š 


to be the m 
from them ( 
-ship among 


Smith, 1955). 
the member 
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Bryophyta 
Charales ? 

Sehizogoniales Ulvales 
T T f Oedogoniales Cladophorales 
|" i 

: - ichales—— 
Zygsematales re 
t Siphonales 
? Tetrasporales Siphonocladales | Dasycladales 
D LC ENTERS 


| 
Colonial Volvocales Chlorococcales 
T 


med 


p 


| 
Unicellular Volvocales 


&5 Evolution of sex in the Chloro 
to Üogamy among the members o 


Th Chlorophyta, the evolution in sexuality has taken place from 
isogamy to ooga ny through anisogamy. The members of Chloro- 
phyta show 


an evolutionary series in which gametic union has been 
Boted even in most primitive types 


and which also persists among 
members of this division. 


Chlamydomonas, Ulothrix, Spirogyra, Zygnema etc. 
members of isogamous Chlorophyta ; besides, 
Conjugales other isogamous types are 
Cosmarium, 


The sexual reprod Á 3 
ical i 
takes place by the fusion of two biflagellate tile co it This 


phyta or the process of 
f Chlorophyta : 


£ 


are typical 
'5, under the order 
Species of Desmids and 


between two flagellate i š 
members o Conjugales, s “i seil 
Nogametes `h 


Similar je; of isogamy ; in this type Smee ra represents a little 
ie. they are gametes plano vun 1 i 
pinguishable by their Ut, Y dissimila 
conics, gamete becomes active ese Of the two fusing 
to the opposite cel 


Using 
moves throu 
l (gametangium) and f there 
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with the passive gamete resulting i 

1 ing in the formati 

2 Spirogyra though the gametes are non dasalan ND | 
rom biological view point, the active gamete that passes and il 
the seat of tormation may be regarded as male and the passive e 
remaining within the gametangium as female. "y 1 


From this typical isogamy, anisogam 
step in the evolution of m Asso Pe a: : 
number of species of Chlamydomonas, Caulerpa, Pandorina etc. Í ` 
all the cases the fusing gametes differ morphologically in size ] 
but both the fusing gametes may be flagellate and active ( ny 
monas braunii, some species of Ulva) or both the fusing ga am 
flagellate and active but the larger one may be more sl ; 
its mate (Pandorina sp.) or of the fusing gametes, one i.e. larget - 
may be non-motile and the smaller motile (Chlamydomonas cocel, 
some species of Volvox, Eudorina etc.) 4 ` 


Next step in the evolution of sex is the differentiation 
which is found among oogamous types like Volvox, O 
Vaucheria, Chara etc. Oogamy is the most advanced 
sexual reproduction in which a large, non-motile and passive 
gamete called egg or oosphere is fertilised by a smat, ile 
active male gamete called spermatozoid or antherozoid. Both 
and female gametes are produced within their respective 
known as antheridium and oogonium respectively. 

But a less-advanced condition in oogamy is noted in Chlorag® 
nium oogamum-—here the large female gamete i.e. egg or cosplen 
is liberated out from the oogonium immediately after maturity 
is fertilised outside by a spermatozoid. an 

The 


Volvox is one of the members of Ch A 


is noted. The gametes are n 
P rS s is much larger than motile 


j.e. egg or ovum f 
t: ced in simple female (| - 


female ge : dar 
le gamete. The gametes are p O : I 
nd malo gametangia (antheridium) respectively borne by the ! = 
lant or borne y i monoecis® 5 
(homothallism) and dioecism (heterothallism) occur. 
The egg is fertilised by sperm—the 


resting zygote or 
pea E then germinates to form a new Volvo. 


lity is a : 
oogamous type, of sexua S nome d 
i ntheridium and oogonium ar T 
aria] “organs: anding character 1S th 
specialisation of sex organs ; not e be 
into large nO d moti 


heterogamy €x 


conditions exist Suc $ die sam 
which antheridia and oogonia are borne S borne in separate 


second condition in which oo. 
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flaments— al size; the third condition in which the 
v pipe filaments but antheridia are borne 
by very specialised filaments—the so-called dwarf males. The 
puie of fertilisation ofthe egg by a sperm is the formation of 
which undergoes a period of rest after becoming invested with 
Cu wall ; nucleus of the zygote undergoes reduction division to 
form four daughter nuclei each of which develops into a zoospore, 
$E zoospore germinates into a new Ocdogonium filament. In 
4s regards the structure of oogonium it is more 
apedaled than any other Chlorophyta, because the entire 
Protoplast of the cell takes part in the formation of a solitary large 
Eu the wall of the oogonium breaks to forma receptive spot 
‘the entry of a sperm or antherozoid. 
In Coleochaete, Chara, Nitella etc. a most advanced type of 
in noted—in these types the female gamete, i.e. egg is retained 
_ Ia the oogonium and is fertilised byasperm. In Chara and Nitella 


he male and female reproductive. organs have complex structures 
Ad special protective d ; 


evice. The oogonium is provided with 
thickened wall and corona at the a ex—within th i 
3 r$ pinus p ithin the thickened 


_ &6 Structure and Life history of some typical Green Algae : 
A. CHLAMYDOMONAS 


belongs to the family Chlam 
| ydomonadace 
"a the order Volvocales under the class Chlorophyceae of the division 


1 Oceurrenee—Chlamydomonas with ab 


Out 325 species is a fi 
found to i iot 
E Ru nau. “ss mur in stagnant water of 


of the Vegeta- S 


— Fisgellum 


Apical papilla 


Contractite vacuole 


> Sects at the Fig. 3.1—Vegetative 
Em 7 Chlamydomonas ot 
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anterior end to form a beak-like apical papi ir ¢ 
of equal length develop at the apical papila ee 
provided with a basal granule at the base called. blep la 
function is unknown, probably they give rise to flagella. A 
of the flagella and in a plane at right angles to them two c 
vacuoles are present. The number and position of tt 
may not be constant for different species. These vaci 
undergo alternate expansion and contra ction and are, | 
excretion and also respiration. An orange-red spot known 
or stigma is present at the side of the chloroplast. ey 
sensitive to light and is supposed to be concerned in d 
movement of the flagella. 

A single large cup-shaped chloroplast is present in € 
may be massive and occupies most ofthe protoplast, 
sides of the cup may be relatively thin. In some s 
plast may be stellate or laminate in form. 
species contain a single pyrenoid; but those of some spec 
two pyrenoids, several pyrenoids or no pyrenoid at all. 
contain a single nucleus which generally lies in the co 
portion of the cytoplasm. 1 

Movement—1t occurs 
anterior flagella. 


Reproduction—Chlamydomonas 


sexually. 
1. ASEXUAL REPRODUCTION takes place by the | 
methods :— , 
(i) Zoospore or Swarmer forma 
tions the protoplast of the vegeta 
produces 2-8 or more daughter protoplasts. 
now discards the pair of flagella. and becom 
vacuoles also disappear at this stage. 
single nucleus becomes surrounded 


by the lashing movements of 


reproduces both 


tion :—During favoura» 
tive cell by repeated di 

The motile par 
es non-motile C 


flagella at the anterior end and thu 

Thee swarmers resemble the parent cell except 
ize. i 
3 or swarmers are libe 


motile zoospores ers di 

eor by the dissolution or gelatinization of th 

nd form new plants. ! 

$ Gü) Aplanospore formation :—In rare a Ee : 
condition i.e. in uer the proton ak oed a 

contract and roun up forming i 
spore). Each aplanospore 

psa Ua caste into a new indi vidual pla 


aplanospore also takes place indirectly by 


zoospore. E 
i la stage :— When Chlamya at 
ost he ponds by the receeding vari 


ALGAE—CHLOROPHYTA 435 


a stage known as ‘palmella-stage’ is formed. 
ne S o BA tought this stage to be the species of Palmella 


green forming amorphous colonies). In this stage, the 
shape oh produced by testy divisions of the protoplast 
of the parent cell do not develop flagella but they remain embedded 
within the matrix formed by gelatinization of the parent cell wall. 
cells may divide and redivide forming an amorphous 
colony huadreds or thousands of cells, all embedded within a 


Sommon gelatinous matrix. This condition is known as palmella stage. 
Vader favourable condition ic. when a palmella stage is flooded 


Fig-32 Left—Zoospore format 
Right—Palmella s 


ion in Chlamyd 
tage. 'domonas sp, 


d become motile and 
; : esc 
eww edi ; each cell later develops i a 


n of zoospor nto a new plant 
as of the palmella ios. debianospore, Sometimes 
Spores called akinetes, 9P into thick-walled 
2 SEXUAL REPRODUCTION :— 
Sexual ion 
Formation of ction may be iso a ; 
the protoplast’ e 153 i5 similar to the for aDisogamy or oogamy, 
Fusi : Cell divides into 8, 16 a of Zoospore— but 
derived from the sama s SS may take place pect more biflagellate 


T place bet 
derived. from different cell (homothallic or between is, gametes 


cells (heterothalliç D Ruhe 
: s 
metes) or may be tote ; 


f 


(a) Isogamy—He ; 
bidagellate gametes, a rea fakes place betwee : 
do not form, instead anv’ US species „WO identical 
"^ are favourable, he. cell may function’, Special gametic 
Species wet that the stry dis. or anetic Cells are s a gàmete when 
where v, : nse] 
unie from the enelocin lls functi g niis : obscured ied 
salon fine tit certain othe, Cell wall immego astes ptotopl 
time of ic. wut Species lately p Plasts 
each other at ag, unio » two ce Plasts do hes ametic 
Tsogamy is noted i: NOT end f © apposed t df €. At 
Manas debar ye, d adriflagellate o Wit 
> = eugametos Pry 
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š (b) Anisogamy—Here fusion takes b 

identical motile gametes. This condition ran 
heterothallic Chlamydomonas braunii. In this species 
clone divides forming 8 or 16 smaller gametes (micro 
gametes) and one of a female clone divides forn 
gametes (macrogametes or female gametes). These 
shed their walls at the time of gametic union. After 
a quadriflagellate zygote is formed. = 


(c) Oogamy—This type is noted in two ooga 
C. coccifera and C. oogamum. In this type one of 
functions as the male cell (antheridium) which produ 
small biflagellate motile sperms or microgametes 
vegetative cell functions as the female cell (oogonium) 
a single globose gamete without flagella i.e. non-motile 
(macrogamete or egg). Zygote is formed after the fusio 
a sperm i.e. microgamete and the egg i.e. macrogamete. - 

3. Parthenogenesis—Sometimes gametes fail t0- 
germinate directly into new plants by the process call 
nogenesis. 

Germination of Zygote or Zygospore :—In isogam 
gamous species, the quadriflagellate zygote remains n 
time. Next the zygote undergoes a period of rest and th 
quadriflagellate zygote disappear ; this is followed by the 10 
of a wall around the zygote. The wall may be sm i 


B Casa 
wing different stages 


ri A on Ar Fai lene zygote, E ë f 
C Fuit sting pe^ pie condition of D. , 
When favo gote und 
but prior to germinati D told hod 


ioti forming 
poor are formed. But 


Cetin divide into 8 16 or 32 protoplasts. 
ivide into °, 
i.e. ote cleated protoplasts of a zygote are extrude 
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ithi i toplast 
in a few minutes each extruded prot 
oie] i and is thus metamorphosed into a 
zoospore. Each zoospore swims in the surrounding water 
and germinates into a new plant. 


in domonas : Chlamydomonas appears to 
P wr rd om Soler hele afford some insight into that problem. 
Tay 


proceeds immediately when the zygote becomes active. 
single representation of each type of chromosome or 
normal condition for all organisms before the origin of sex, 
the normal condition for organisms which do not reproduce sexually. 
ct en ^ secewary consequence of sexual reproduction as there can be no 
union of two gametes having haploid number of 

It appears that in these Organisms, meiosis serves mainly 

to restore the haploid number, while diploidy is introduced 
a temporary phase of a ‘new’ method of reproduction. Again it is 
de tom the phenomenon of parthenogenesis (formation of new individuals 


gametes where gametes fail to unite) that sexual reproduction 
is mot necestary to maintain the race. [t is not clear why sexual reproduction 
bat been developed under such circumstances, In species of Chlamydomonas the 
are similar in their method of formation and liberation ; 
look exactly like the zoospores except that the former 
are smaller, formation takes place if the division of the protoplast 


if 
un 
i 


Gametea 


lso or aniso 
or male and 
female gametes 


579 Motile zygote [y 
: 2X 


Fig. 3.4 jf 
Pf the parent ° 
longer Cell st monas 
o ien ing belt format S stage but ir ye gra 

" - Proposed in this connection Pory known ontinues for a 


cycle of Chlamy do 


is theory would h. and ne 
produced by the TOS C Eos more satisfying if the 


at those smaller 


flagellate pee all 
conjugation e.g. macro-— macro, macro— micro, and micro— 
in others one macrogamete and one microgamete always form a 
cases, the condition is heterogamy, There are also some species 
macrogamete is nonflagellate and which is sought by the flagellate mic 
thus indicating the condition of egg and sperms respectively like ti 
plants (oogamy). v 5 
Salient features of Chlamydomonas :— 
1. Unicellular spherical, elliptical or pear-shaped plant body. 
2. Presence of two flagella equal in length at the anterior end of 
3. Chloroplast is cup-shaped. a 
4. Orange-red eye spot and two contractile vacuoles are present ne 
of the flagella. | 
5. Asexual reproduction takes place by biflagellate zoospores or S! 


6. Palmella stage is present. 4 
7. Sexual reproduction varies from isogamy to oogamy. 
8. Meiosis takes place at the time of the germination of zygote. 


y 
Common Indian species :— p. 
Chlamydomonas grandistigma ; C. intermedia ; C. atactogama k 


C. eugametos etc. 
B. VOLVOX " - i 
i he order ' 

Volvox belongs to the family Volvocaceae oft i 
uds the class Chlorophyceae of the division Chlorophyta. 
Occurrence—The genus Volvox with about 20 spe 


to occur in both temporary and permanent fresh-water i 
+ 


i 
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' pools, jheels etc. and appears like a minute floating-ball, floating and 
oa tbe surface 


of water. During spring the surface of 
water in which Volvox occurs looks green, this is due to rapid increase 
of Volvox in abundance. During early summer the Volvox abruptly 
and it remains in a resting zygote condition during the 
year. 


of the year. 

Structure of the Vegetative body—Volyox Occurs in colony i.e, 
it is a coenobial form. Each colony, i.e. coenobium is free-swimm- 
ing and appen às pinhead-like ‘spherical globular mass. The 
coenobium is a small, spherical to ovoid, hollow mucilaginous mass 
e pese Of numerous small pear-shaped cells (the number of 
- 8 coenob; may vary from 500-60,00 or more) arranged 

nee layer joined to one another by delicate strands of cytoplasm 

within ie y gelatinous colonial matrix Each colon 

dms y 9! cells, e.g. (i) vegetative cells—these cells 
tative Rs and are 

iecapable of giving rise 
Rew colonies, (ii) asexual 
peal in size then 
cells and pro- 
(i) sexual reproducing 
St which are larger in 
le perms E gametes 
Fach cell i, karton ass 
È 1 

du own ges Sheath 
Sheath 
disney jouent with or 
forming angular another 
Bonal structure, q te 
tO gelatinous shea cma] 
the Sheaths of 

cells, there jg another 
Srlatinous materia] of 
sometimes" Consistency, 
is » cells are 
ted Sri ra Eac 
Re Posterior 5 pH With 

cel 
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eye spot is a photo-receptive organ, according to the 
direction of light the movement of the flagella is com 
eye spot. ` 

Reproduction—Volyox reproduces both asexually a 
Young colonies have all the cells alike in size. As thec 
older several cells in the posterior region lose their ` 
increases ten or more times the diameter of vegetative 
enlarged cells are reproductive cells and they may be 
sexual. At the beginning of the growing season ase) 
takes place but at the end of the growing season sex 
is the only means for propagation. : 


1. AsEXUAL REPRODUCTION— 


er LO 
S 


i lony. B ges 
— Formation of daughter co i 
ion Por folios. sphere stage, b—inversion. ; 


.6— Volvox sp. 
bs lete inversion). T 


uim uc and c—comp. 
i ] reproduction takes place 
i During summer oy or coenobium, several e d 
od uha cells, called gonidia or pu 
m de po terior half of the colony ; io s t 
Do P30 times) larger than the or i yi e "ur 
eer f lla, become rounded in out ine i 
e HDO the globose mucilagino ro a 
e acide. of the colony. Each gonic pe. 


. 
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i held 
group —all of which are 
— ee priek divisions in the 
a new 


arran i form a 
crucia! nd with a tendency to x 
the plakea “ih pu stage the plakea be 


“=n : b) ] by 
If inside out [Fig. 3.6, B (b)] 

ting) nen the phialopore. After PE 

develop flagella. Next the daughter colony 

within the enlarged 


gonidium for some time ; the daughter colony even- 


4 3.7—Volvox Sp, showing the process of fertilization, Oo—Oogonium 
$ NEL Ov—Ovum 


Or egg just before fertilization, Zy 
S—Spermatozoid entered i 


he free face 
ue to rupture 
ult colony or 


Fig. 3.8—Volvox Sp. showin 
antheridium (an), p oe 


RePRODUCTIQN. — 
2) is Tern of Sogamous type. T emale gamete 
En a y k ile we on (antherozoj 


Species, the 
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coenobia “may be homothallic or heterothallic, - 
organs (oogonia) and the male sex organs (antheridi 
from some specialised enlarged cells (resembling 
posterior half of the coenobium. ; 


The oogonium is a unicelluar, enlarged, semi flask 
The oogonium wall is gelatinous and sheath-like. 
percentage of cells in a coenobium develop into « 
cells enlarge somewhat, lose their flagella and re 
gonidia. The protoplast within each oogonium 
uninucleate spherical oosphere, egg or ovum. i 


An enlarged specialised cell, resembling gonidia, ¢ 
an antheridium. According to species, a few of these cells 
of the cells of a coenobium may produce antheridia. 
to species, the protoplast of an antheridium divides 
to form 16, 32, 64, 128 or more small, spindle-shaped, 
biflagellate antherozoids. Cell division in an an 
plakeal sequence (as described under asexual reprodu 
an inversion to forma bowl-shaped (Fig. 3.8) or a 
of antherozoids. Mature colony-like mass of anth 
liberated as a unit by rupture of the antheridial wall. 


Fertilization—The mass of antherozoids after libera! 
antheridium swims about as a unit until it approaches ti 


Fig. 3.9—Life cycle of Volo m ani 
‘ NON 
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i ids swim 
ilizati individual antherozoi 
«de koha reprher am egg and joner a tne 
Ar rq ids finally fuses the e 
VITIS After fertilization 
s= Eria: ote or oospore. m 
M oot ea thick wall; the EO AN: 
DW bo red in colour. The zygote is i 
cyber Finally the zygote 
Sai Uis pesat colony until the leter E be igote 
comes nobi 
-- RAE CVs and sinks to the bottom of water 
and undergoes a period of rest. 


Parthenogenesis t of 
—Mai 1929) has reported the developmen 
unfertilised eggs og re Each parthenospore may 
develop into a new coenobium. 


š SON gate ie 
Germination Zygote—Prior to germination, the diploid zygo 
nucleus — cab meiotic (reduction) division. During germination 
of the dae the outer wall layer splits—as a result the inner wall 
Lopes the fi 


i i last. 
€ form of a vesicle which surrounds the protoplast 
Protoplast may become a biflagellate zoospore (V. capensis) or it 


the vesicle and becomes free swimming. Anyway 
either zoospore or the Protoplast, as the case may be, finally develops 
into a coenobium (colo 


ny) by the same sequence of plakeal stages as 
in asexual reproduction. 


"Salient features of Volvox :— 

(1) Formation of globose or spherical, hollow and small colony i.e, 
Coenobium each coenobium is composed of large number of pear-shaped cells ; 
individua! cells in a colony are Connected by protoplasmic Strands. 
` (2) Each ceil is biflagellate, the flagella enables the spherical colony to move 
Aboot or roll through water. In a young colony all the cell i 


1 S are alike ; ina mature 
and vegetative cells are differentiated, 
> ‘Asexual Teproduction takes place by Specialise 


The sexual reproduction is of Oogamous type wit 
and gametes within respective Sex Organs ; sex or 
(s) oz, oe 2ynote before reduction divi 


- _, Common Indian ies :— y, F 
slobator ; v. prolific aa ‘olvox aureus ; 


c. HYDRODICTYON 


d enlarged cells called 


h the formation of male 
Bans are Specialised and 
sion in the resting Stage 


V. minor; y, africanus ; V. 


ç ceae 
j ga is commonly called th ; ah 
ithas a Structure of à Sac-like net Work, 
Md RR: Hydrodictyon is a fresh- i 
found to occur as à net-like Structure sw s dostin 
" ere of pools, etc. It remains : nel r Am and 
| " D il a upto Spring after appear- 
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Structure of the Ve i 
1 getative body— 

macroscopic colonial i.e. coenobio alae aa aa E 

nsists of a large number of cylindrical or m-—— j 
end to end to form 
floating hollow cy 
reticulum i.e. net-lik 
The meshes of the m 
culum are compe 
union of gener 
elongated cells 
coenocytes), the 
which remains holl 
size of the me 


in size, from 
( rarely ) to as m 
Cells are coeno 


lose cell wall; a large | 
vacuole is p | 
y a th 


i surrounded : 
Fig. 3.10—Portion of the thallus of it i 
Hydrodictyon sp. showing i dee m: AR l 
arrangement of cells in a net. contains a single j 
a single chloroplast 


single pyrenoid. But the mature cell contains many nu 
a large reticulate chloroplast with numerous pyrenoids ems 
within the lining layer of the cytoplasm around a large vacuoie- 


Reproduction—The plant reproduces both by (i) ase 
(ii) sexual methods. Es 


1. ASEXUAL REPRODUCTION— ; *» 
The plant reproduces asexually by the production p 
uninucleate zoospores. The protoplast of any matur 
coenocyte of the coenobium undergoes cleavage produc 
to 30,000 smaller uninucleate fragments. Each fragment 
develop a wall around it and forms a Zoospore. 

These biflagellate zoospores are not permitted to escape 
parent coenocyte ; instead they swarm within 
and finally come to rest, drop their flage 
in such a manner as to form a new net. 
at first remains enclosed within the parent 
I wall gelatinizes and the new ne 


i h t are oval at 

zoospores n the young ne iC : 

i y i y a mature net 1$. nu 
mediatel and continuall until Š : r ! 


h 1000 cells can produce 1" 
.efficient method of reproduction by means of whi 
may grow vigourously within a short time. 


-G 


TOUD of cells f. 
net Le, hea 


Io 


rming 
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Salient features of Hydrodictyon :— 
Coenoblum is large macroscopic and net-like. 
ei Presence of coenocytic cell in the net. 
"a Presence of reticulate chloroplast. š 

= Asexual reproduction by means of biflagellate zoospores. 

7. Sexual reproduction is of isogamous type. 
| = Formatioa of polyhedral cell called polyhedron. ‘ 
| de Indian species :—Hydrodictyon indicum and. H. reticulatum. 
I 


© P. ULOTHRIX 


Ulothrix belon e family Ulotrichaceae under the order 
. Ulotrichales of VT hes Diiscophycéac and the division 
— | Cx NIS 
Üecurrence —The genus Ulothrix, with about 30 species, has i s 
| of species growing in slow-running fresh-water of streams ; 
this is also found to occur in ponds or reservoirs, the water of 
1 which is continuously replaced by fresh-water. Some species are typi- 
— ally cold water plants, e.g. U. zonata. A few species are also marine. 
j 


NEL f 
Structure of the Vegetative body—Ulothrix isa unbranched 
—flamentous fresh-water alga of indefinite length. Each filament 
of a single row of 
cylindrical cells joined 
filament is 
into base and 
basal cell is 
elongated and 
which forms the 
by means of which 
remains attached 


n 


i 
8 
Ë 
z 


APICAL CELL 


HHI 


T 
di 


water. The apical cell isto — /4 ga 

some extent spherical in Us 

Outline. In some species, Jo CYTOPLASM, 

the filaments may remain Ret 

free floating and interming- 

` kd with other algae CELL WALL 
Each cell contains cyto- S< HOLDFAST 

plasm in the form of prim- t 

<= utricle, a single nuc- 


embedded i Fig. 3.13— Ulothri i ; 
and < QU thecyto- — hok ix sp. A—Filaments wi 
H -fast and ith 
a single girdle- and apical cell, B— 
e 


ical c Vegetati 
i cells showing different Sew 
or ring-like parietal chloro MN 


Be poe. The chloroplast parti plast containing on 
partiall B one or 
Chloroplast is absent in the basal np tely encircles the 
Pt is With a thick or thin and enn, Each cell of the 
"s [d low Species have broad gelatinous Dm Or strati. 
~~ “Rts, but in most species the sheath is Not "wa around 


EN 
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In Ulothrix there is no Special growing point, the 
throughout its length excepting the basal cell i.e. hold 


Reproduction—Ulothrix reproduces vegetatively, a 
sexually. a 


1. VEGETATIVE REPRODUCTION— 


It takes place by the accidental breaking of a fi | 
cases due to dissociation of a filament into many 


few cells in each, each fragment by cell division grow 
filament. 


A 


ig. 3.15—Form 
Fig. 3.14—Formation of zoospores A p ; e peo 
E in Ulothrix sp. Jn 


CTION— 
2. ASEXUAL REPRODU! p 
Asexual reproduction takes place by the format 
s known as zoospores or Tal S ET 
the. protoplast of all the d à ñ 
basal cell i.e. holdfast. But cells in betes 


ospores earlier t 4 
gu si eins with MOV cells pa 1 * p 
P pe iba with broad cells produce 2, 4,9, 
2 T 
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n which zoospores or swarmers are produced con- 
` and becomes filled with reserve food materials ; 
zoospore is to be produced, then the nucleus divides 
sm u cleavage in a plane at right angles 
inal axis of the filament forming two daughter 

process may continue simultaneously until 32 
are formed. When cleavage ceases, each 
st metamorphosed into either a 
biflagellate zoospore. When only one zoospore 
ch vegetative cell, the protoplast of that cell is 
Ost to a zoospore. The parent cell from 
s are produced is called zoosporangium. Each 
ate, pyriform in shape with a distinct eye spot 
plast at the posterior end. 


ing upon the size and structure, two kinds of 
These are large, quadriflagellate (4-flagellate) 


eye spot in each at the anterior end: i 
in 
r (rarely 8) macrozoospores are formed, "and 


`< 
š 


Palmella condition 
aK 


Akinete 
x 


Isogamete 
X 
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(ii) Microzoospores—These are 

i small, i 

biflagellato zoospores with a median e rete r 
» 16 or 32 microzoospores are generally formed. * 


The zoospores after thei i i 
formed on the lateral stk Mes "Cell a 
zoospores swim actively in water for a few days 
movement and attach themselves to the substratum "u idet 
their flagellate end i.e. anterior end. Next each zoo: po 
its flagella and becomes surrounded by a wall, then 
and subsequent cell division it develops into a new filame 
: Aplanospores—In some species, when the zoospore 
discharged from a parent cell, each may secrete a wall 
and becomes a thin-walled non-motile aplanospore. 
aplanospores may germinate even before they are libei 
parent cell. Each aplanospore germinates into a new plant 
During unfavourable condition viz drought, the entire 
of a vegetative cell may round up to form a single, large 
aplanospore, i.e. hypnospore. Each hypnospore under fa 
conditions germinates into a new plant. "E 
Palmella stage—This condition is noted occasionally wh 
alga is left by the receeding water on the damp soil of the 
or pool in which it grows. Palmella stage is seen wh 
rounded cells are formed by the gelatinization of the w 
aplanosporangium and as well as of the wall of apli 
these cells occur in a colony and they are enveloped in 
gelatinous matrix. Under favourable conditions 
dissolves and each cell develops into a. new filament either 
or by forming zoospores. : x 
3. SEXUAL REPRODUCTION—Sexual reproduction is of isogar 


i i biflagellate 
type, which takes place by the fusion of two 

i d liberation of gametes from gametangia taK 
eree DOOR But the number x 


be 8, 16, 32 


spot an s à 
Els result of gametic union, 


size. As a 
ound it and enters upon 


(diploid) is 
comes to rest, S bc Ww 


period during w 
Germination of the Zygo 


LÀ Th 
ote undergoes germination. 
adis is meiotic. The protoplast of the 


to 4 to 16 daughter protop. 
born are developed. Under 
or aplanospore becomes attached to t 
a new filament. 
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Plast ar à; id differentiated into base 
unbranched filamentous type, an 
" h 
apa. 


Presence i ing-li loroplast with one 
girdle-shaped, plate-like or ring-like ch 
l AE is centrally placed, I : es 
Asus reproduction is mainly by quadri- and biflagellate zoosp: " 
AE are of two type e.g., macrozoospores and microzoospores. 


M Sound reproduction is of isogamous type—thallus is heterothallic. 


ilis; U. ; U, pectinalis; U. 
Indian. species :— Ulothrix variabilis; U. zonata; 
mores. escíllarina etc. 


^ € mode of origin and differentiation of sex can be illustrated 
G me: td of SO, e.g. microzoospores and macrozoospores are 
prodaced in Ulothrix. The microzoospores and gametes are alike morphologically 
el as in their method of formation and liberation but sometimes they 


their size and number only. Sometimes the gametes are smaller than the 
Term ad are produced in greater number. Both types of zoospore 
takes 


if the division stops at an early stage bat if it continues 
for a greater , the gamete formation results. This condition suggests that 
Ge gametes were Originally derived from the zoospores, specially from the 
mücroroowore. U; i 


Certain condition, sexual Tepro luction is also caused by 
the accidental union of zoospores (microzoospores) which act as gametes ; from 
this condition it is Suggested that possibly sexual Teproduction has originated 
See to such accidental fusion of microzoospores in pairs. This shows that 
= are nothing but much smaller zoospores. Thus the Sexuality is resulted 

Sa changa of zoospores into gametes and the origin of gametes is thus the 


amily Cladophorace 


ae of the order 
Chlorophyceae o 


the class f the division 


1 60 species, is found ever 
in distribution : S 
as well as in sali qu 


= ine-water i.e. marine, P(O Ut in fresh. 
in .€. marine, 
ka , agaant Or running water. Most of th 


body—The p] : 
Cladophora are pena y is a 


Profusely 
E ( a are generally Sessile 
; Various aquatic Substrata such a PON 


k such as rocks, water 
developing from the wae? Water by fairly lo plants, 


ng rhizoidal bra h 

5 oida nches 

down adven! usly from the Galle eae the D: RU Thizoids growing 

filament is como consists of freely branched ña, thallus, The 

8; 

Wa eee breadth) cylindric ll Eod (cells have a length 

crunching usually latera ctually branches do L. end to end 

(cross doe and then elevate K lop near the apical 
Wall) to give the apps ance of dichoto ion at t septum 

Elongated cylindrica my or trichoto 
Stratified walls 


and distinctly 
nner cellulose 
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layer, (b) a middl | 

ñ e pectic lay outer ch 

e yang are Open encrusted “with e eL 
€ lies cytopla i ë 

BUR central vacuole. AMET MW B^ 

nis renee chloroplast encircles the be ( 

ytoplasm of each cell and which contains a o 


BAN 
eR STRATIFIED 
WALLS 


TRICHOTOMY 


Fig. 3.17— Cladophora sp. A— Portion of the thallus sho 
of branching. B—Magnified view of the filament. 
portion of the filament showing rhizoidal cell. 
cells showing different parts. E—Zoospore. 


here and there ; but others hold tha 1 
occur next to the cell wall, few of 
cytoplasmic strands—these discoid chloropl 
contain pyrenoid. Internal to chloroplast or chlo’ 
case may be, numerous puclei with distinct nucleoli 
are present. 

Reproduction—Cladophora reproduces vegetatively, ase 
sexually. 

1. VEGETATIVE REPRODUCTION—In some perennial 
during vegetative reproduction the upper erect porous 
dies, leaving the prostrate rhizoidal portion as such. 
rhizoidal portion become thick-walled, swollen e 
to accumulation of food reserves. These thick-wa!* 
cells help in tiding over the unfavourable pe 
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p into new filaments. In other species 
takes place by the development of stolon- 
from the rhizoids—these stolon-like branches 

ü I Bho each of which grows into a new plant. 
— ANUAL REPRODUCTION—This type of reproduction takes 
se by the formation of small, pear-shaped, quadriflagellate and 
(Prescott, 1969) zoospores. Zoospores are formed by 


4 
is GAMETES 


GAMETANGIUM 


tion of Zoo there A E 
3 a 
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Period of active nuclear division and in certain spec 
are meiotic. But in C. glomerata the nase divisi 
preceding formation of Zoospores are mitotic, m 
just before formation of gametes. After completion 
divisions there is a progressive cleavage into uninucle 
Next „each uninucleate protoplast is metamorp 
quadriflagellate zoospore. Zoospores escape singly f 
cell ie. zoosporangium through a small circular 

or near the upper end of the cell wall. Each zoospore, 
moves about for sometime, then comes to rest à 
directly into a new plant through an one-celled resti 
germling. Each germling secretes a wall, elonga 
becomes multinucleate and then divides transverse 
daughter cells, the upper one of which gives rise to € 
of the thallus while the lower one gives rise to rhizoidal 


3. SEXUAL REPRODUCTION—Sexual reproduction is of 
type ie. it takes place by the fusion of two motile, bi 
same sized isogametes. Gamete formation is similar 
formation but, except for C. glomerata, the mu 
immediately preceding formation of gametes are 
gametes coming from different filaments fuse in 
Cladophora is  heterothallic. Gametes are much 
zoospores and they are liberated singly from the gameta 
a small lateral or terminal pore formed on the v 
fuse in pairs to form zygospore (zygote). Zygor 
immediately without undergoing resting period and 
a new diploid plant. 

Parthenogenesis—Some species have a pat 
ment of gametes—which fail to unite in pairs—into haplol” 

Life Cycle—Most of the species of Cladoph 
ofa diploid asexual generation with a haploid 
both the generations are morphologically iden 
generation is isomorphic. The diploid i.e. EM 
developing from the diploid zygote (2n) pro s 
result of meiosis or reduction division. These ZOORPOn emble mi 
„e. gametophytic plant bodies w im am 
hytic plant bodies. The. haploi Deor E 

irs to fori the diploid 


generations. 


le of typical Cladophora sp. 
Des er LL CLADOPHORA plant body (21) —— 
(Sporophyte) By meiosis 


On direct 
germination Zoospores (m 


+ 2 
L. Gametophytic plant 
Zygote (274- — —- Gametes (1)«- —— — 
fus 
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plomero cycle i irely a different type. In this species 
r— py plants ciet diploid zoospores (2n) by fotone 
de peg oy etes (m) by meiotic divisions. Diploid bade : e a 
pe E emia sonic into a new diploid plant. Gametes, a ter fusio! 
- diploid plant. So there is no haploid generation, haplophase is 
only within the gametes themselves. 


Salient features of Cladophora : 
- Plant body is branched filamentous type, attached to the substratum by a 
tidy ore thizoidal branches. 


@ arises near the apical end of a cell below the septum, branching 
appears to be jomous or trichotomous. 


Ü) Cell wall is thick and three-layered (stratified). 


HM) Cell is multinucleate, chloroplast is either reticulate with numerous 
prrenolós or discoid with or without pyrenoids. 


^ 13) Reproduction by vegetative, asexual and sexual methods. 
- reproduction takes place by (a) thick-walled, food-laden cells 
of A Bs. poesia and (b) by stolon-like branches developing from the rhizoids. 
(0 Asexual duction by quadriflagellate zoospores ; biflagellate zoospores 
may abo be formed (Prescott, 1969). - 


(8) Sexual reproduction is of isogamous type. 
(9) Presence of an isomorphic alternation of generations. 


Indian les—Cladophora bengalensis; C. crispata; C. glomerata 
n c. scitula; C. incurvata ; C. rottleri etc. Š s , 


F. CHAETOPHORA 


Chetophora belongs to the family Chetoph 
phoracez of the orde 
Chztophorales under the class Chlorophycee of the division 


Oceurrence—It is found to grow abundantly on 


€ ther submerged 
plants as an epiphyte and also Occurs in 
Nn to submerged woodworks and ions EE er 
Structure of the V. 


macroscopic in nature. The 2 plant body is large and 
Chaetophora eid vegetative body is heterotr 
is differentiated i 


à ; th i 
ase to apex into a fine et hairs becom 


lindrical t 

Each cell Cont RM barrel-shaped d ` 

tel; ains a single ~~ and contain 

chloro chloroplast ; there P EE or more ingle Parietal or 
S In each 


456 au pee 


Reproduction :—In Chae 
asexual and sexual methods. 


Vegetative reproduction b i 
; epi y the fragmentation 
sometimes but it is of rare occurrence. - 


tophora, reproduction 


(a) Asexual 
Chaetophora takes p 
production of quadriff 
Zoospores and biflag 
Spores ; these are p 
protoplasts of 
cells by cleavage. 
zoospores are liberate 
respective mother cells 
through a pore form 
cell wall. Macrozoo 
directly into a new 
plant. Microzoospores 
like gametes (vide s 
tion)—rarely they g 
new plants. In some c 
zoospores form resting Sp 
can grow later on into n 

(b) Akinete—Som 
walled akinetes are form 


i he vegetative 

Fig. e —A portion of CEO Bul dr of de he of the 
sp. showing projecting system " : 

p of Branched filament. .ches. Akinetes develop 


plants. 


2. SEXUAL REPRODUCTION— 


i i f the 
During sexual reproduction protoplasts o 
produce microzoospore-like biflagellate ipio pe 
process. These microzoospore-like gametes on Er de 
mother cell unite in pairs forming zygospore (zygote). ¿ 


i f 
germinates through meiosis to produce a new plant. 


Life Cycle :— 


Akinete— 
—-Quadriflagellatec— | 


| | Zoospores (n) 
__— —-Biflaei 
Čnactophora plant (n) Ta 


By meiosis 
I = 
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vocem being differentiated into a. weakly developed 
A. ome a projecting portion of branched filaments. hé 
Aplces of the branched filaments are terminated into long, hair-like, 
E or barrel-shaped ; each cell is Salnpcleate and 
di. parietal or folded plate-like chloroplast with many pyrenoids. 
i lace by quadriflagellate macrozoospores. 
(4). Asexual reproduction takes p 


Sexual reproduction is isogamous type and takes place by the union 
et microzoospore-like isogametes. 


Common Indian species :—Chaetophora elegans; C. pisiformis; C. chlorotica 
“< 


©. COLEOCHAETE 


under the class Chlorophyceae of the division 


Coleochaete belongs to the family Coleochaetaceae of the order 
Chaetophorales 
Chlorophyta. 


Oceurrence—Coleochaete with about 10 species is a fresh- 
‘Water alga which usually grows as an epiphyte upon other alge (e.g, 
Vaucheria, 


Oedogonium etc.) or upon other submerged aquatic 
angiosperms e.g. Hydrilla, Potamogeton, Lemna etc. Some species 
also grow endophytically within the cell walls of Chara and Nitella. 
Species grow on shells, glass and other substrates ; 
Coleochaete scut 


ata commonly grows on the sides of aquaria forming 
small and circular patches, 


in which t iati 
centre and ane 1l ich the branches radiating fr 


die (Fig. 3222). terally apposed to form a pseudo 

apbranched Platiogns gatas me whose base is en 
material. The entire thallus is oft 

mucilage, of thrashing filaments, the cells are joined sons vi 

Branching M ament 


: ned end to end. 
Coleo dichotomous. 


3 Cells of 
ete are uninucleate and i i i 

n chloroplast that Partially or entirely SRI oma “ila 
chloroplast Contains one large pyrenoid (Smith, 1 


semai tion— Coleochaete reproduces 


both asexually and 
l. ASEXUAL 
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hour or so, comes to rest and secretes a wall around it | 
celled germling. The germling soon begins to ` 
germination it divides into two daughter cells, one 
divisions produce hair-like structure while the ot] 
creeping thread. In some Species asexual re 
formation of thick-walled aplanospores developec 
may also take place. 


te sp. 
ig. 3.21— Coleochaete s 
Lud setae, B—Portion e 
Branch with antheridia. d 
es in sexual reproduction. š 
—: H-—Germinating spermocar| 
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Sexvat. Repropuction—It is of an advanced oogamous type. 
s to species Coleochaete plants may be heterothallic or 


female sex organs oogonia are formed terminally from the 
= cells of I sort ateta] branches of the projecting: 
oogonium is a cone-shaped or  flask-shaped 
4 swollen base and a long colourless neck-like 
the trichogyne. The young oogonium contains dense 
t maturity, the apical portion of the  neck-like 
. trichogyne disintegrates, as a result some amount of 
is liberated out but the remaining portion of the 
Containing a single nucleus and chloroplast within the 
(€ constitute the egg or oosphere. In discoid thallus, 
_ Soponia appear as hemispherical structure with short papilla. 


P equi are also borne terminally in clusters on the branches 
of g threads. In discoid forms (C. scutata), they are 
Sees the marginal or midway cells. Antheridia are bluntly 
L. Structure. Each antheridium produces a single oval or 
' biflagellate antherozoid which may be green or colourless. 


wana s are liberated by the dissolution of the antheridial: 


Fertilization—Fertilization takes place when only one antherozoid 
Swims towards the Ooogonium, unites with the oogonium at the 
dote, com the nucleus passes through to fertilise the egg 

69). After fertilization, a diploid Zygote or oospore is 


n the oogonium. Next the ne ium i 
= ck of t 
Sat off by a transverse septum from the basal poni 


portion of the 


—The zygote remain 
à thick wall and increases in si 
Bei S in size great] 


460 
STUDIES IN BOTANY 


Life Cycle— 


| Zoospore (n)<——_—. 
on germi- 
nation 


| 


+ 
Coleochaete plant body (n) 


| 9n germination 


Antheridium (n) Zoospores or Swarmers (m) Oogonium ( 


Rc uu Spermocarp 


Antherozoid (n) E ‘Meiosis | 


teen ertt 


| 
Young S UE (2n) 


Sexual union 
Salient features of Coleochaete : 
1 tj H " 1. rat f 
m a 
(2) Presence of setae. 
(3) Asexual reproduction by means of large ovoid biflagel 
(4) Sexual reproduction is of advanced oogamous type. 
(5) Oogonium is somewhat cone-shaped or flask-shap 
differentiated into basal globose structure and a narrow ` 
trichogyne. 
(6) Antherozoids are oval aud biflagellate. J 
(7) Development of spermocarp after fertilization. 3 
(8) Formation of biflagellate swarmers or zoospores (smaller tha 
zoospores) within the spermocarp as a result of meiosis. 
(9) Diplophase is restricted within the zygote i.e. young spe! 
Common Indian species :—Coleochaete scutata ; C. soluta ; C. 0 


H. PROTOCOCCUS (PLEUROCOCCUS) 


Protococcus belongs to the family Protococcacem c thi 
Chaetophorales under the class Chlorophyceae of the 
Chlorophyta. "e d 
0 nce—It is a terrestrial green , ally 
green coating on moist rocks, brick and stone walls, 
trunks, flower pots and other subaerial substrates. 


Structure of the Vegetative body—The vegeta 


unicellular. It occurs either as isolated individuals (i.e. 


i ses or groups 
or as small compact and gregarious mas: pie: 


or more cells. The colony develops due to the s 
of the solitary cell. aed Z 
Each cell may be spherical or ellipsoidal in shape and is 


i Jatinous env 
ick cellulose cell wall without any ge Š 
iM e single nucleus with distinct nucleolus and 


^ 


y 6r 
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ns a single large, parietal, lobed or plate-like: 
out a pyrenoid. 


ococcus sp. A—Vegetative cell. B-D—Different 
tive reproduction. 
á stages of vegetative rep 


ly, when growing submerged in water, cell division may 
50 or Eo. jen. are formed in a colony and there may 
l of a profusely and irregularly branched condition 


The plant reproduces only by vegetative method. 
reproductions are completely absent. 


VB REPRODUCTION—It takes place by cell division 
divides transversely at first, then successive divisions 
directions and at right angles to each other. 
Or more daughter cells thus formed by cell division 

nattached with one another for a few generations 
Separate or may round themselves off, immediately 
One another and behave as independent plants. 


Cell division 


> n 
i Vegetative reproduction 
; zm PROTOCOCCUS 
7. 


n 
Fig. 3.23—Life cycle of Protococcus sp. 


cus is generally interpreted as a reduced f. i 
: orm der; 
EU to Decem e: ms tendency o Ricoh, d 
m > aments (pseudopl 
its Tepresents a temporary Sus to epee ionge) ; 


2 cest 
ot °. Stral form, 


d 7 ATEM 
<unicellular, either occurring singly or in 


groups forming 
distinct nucl ; 
ithout a pyrenoig, "^ * Ige parietal lobed 


or plate-like 
"lon takes place by cell division only, 
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(4) After cell division, da 
; , daughter cells may remain attached with one another fie 
sometime or they may separate as independent plant assuming a sphere dig f 
Common Indian species :—Protococcus viridis ; P. cohaerens ; P. grerille ds. 


I. OEDOGONIUM j 


Oedogonium belongs to the family Oed i : 
Oedogoniales under the clas y Oedogoniace of the onder 
Chlorophyta. ass Chlorophycee of the division 


Occurrence— Oedogonium with about 285 
submerged aquatic filamentous green alga, found Ee 
permanent and semipermanent’ fresh-water of pools, jheels, tanki 
ditches etc. All species are sessile when young i.e. found attached ts 
vatious substrates under water, usually as epiphytes upon stems ssi 
leaves of aquatic angiosperms or upon other filamentous green aigi 
Free-floating condition is not rare, it is noted when the filament 
are detached from the substratum or are broken and float over the 
surface of water in masses. 

Structure of the Vegetative body—The plant body is an unbranele 
ed filamentous thallus which consists of cylindrical cells joined end to 
end. There is considerable cell differentiation in the mature 
the mature filament is differentiated into base and apex, and 
of vegetative cells, antheridia and oogonia (one or more). basal | 
cell is always modified to form a disc-like and colourless by 
means of which the plant body remains attached to the l | 
under water. The distal cell i.e. apical cell is generally broadly 

| 


rounded or acuminate. x E 
The vegetative cells are provided with a thick rigid eios 
lateral wall of such a cell is composed of three Ru 
de of chitin in combination 


i) outermost layer ma la w 
apos sa (ii) a middle layer of pectose and (iii) an inner layet 


composed of cellulose. a 
f cells of each filament have one or 
Lateral walls of some cach Diae 


ing-like markings (which apparently | 
af the distal end, they constitute the he H- cap. 
i as 
Each cell contains ' dense sre m atin-Hinin - 
ddle of th 
to 


i well- 
d nucleus having a pde i 


jos aE ucleoli ; the nuc 
eor more n ; r 
m and remains embedded in the cytoplasm he 
chloroplast. Each cell contains a sheet-like A neula 
which extends from pole to pole of a cell an "on encircles 
the protoplast. According to species, the De kr reticulum 
are broad or marrow and in either CE ijs lie at the ine 
ng axis ofthe cell; nume ds ed 
das ofthe chloroplast reticulum. Each pee s E: r - 
a sheath of starch plates ; I a es Oe ti ee 
igrate to and accumulate in the strands | mine roplast 
a cn te nature of the chloroplast 1s bscured 


net until the reticula 
‘such starch is known as stroma starch. 


m. 
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Increase in length of the 


there i int. 
E by skan e On of certain cells of the filament except 


i towards 
ivision, the nueleus migrates wa 
pe debe ve somewhat, the nucleus icu 
= ies x! pears a ring of wall materials which corp ei y 
c f the eral wall just below the distal end of a he; col 5 
ea awed by the formation ofa septum in between 


septum remains floating for sometime without being 


ANTHERIDIA 


Oedogonium sp. A—portion of the filament showing 
t posui cells and reproductive structures. B— Single 
e showing different structures. C—Portion of 
filament bearing antheridia ina row. D—Portion of 
‘the filament with oogonium and a vegetative cell, 
s A—macrandrous homothallic species. C & 
macrandrous heterothallic species, 


Saqi transverse of the ring; the ring 


Es m is displaced upward 
an individual i 
denote the number of division the 


Oedogonium reproduces vegetatively, asexually and 
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withdraws 
develops a 
s a cell wall 
edogonium 


the hyaline anterior end downward and 
the protoplast elongates slightly, 
ches it to the substratum and secrete 
this one-celled plant body, a new [0] 


A v 
& B- Formation of antheridi; 
m us antherozoid. 3 
ise Teproduction 
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(b) Akinetes :—Sometimes, specially duri 
conditions, thick-walled akinetes E formed pe $ 
within the flattened vegetative cells resembling oogonia. P 
of akinetes are rich in reserve starch and oil. Under fai 
conditions, each akinete germinates directly into a new fili 


03 , SEXUAL REPRODUCTION—Oogamous type of sexual r 
tion is found in this alga. The thallus may be hom 
(moneecious) or heterothallic (dicecious). 


In homothallic species of Oedogonium both the sex 
antheridia (male) and the oogonia (female) are produced on 
filament, but antheridia are produced in a row. 


In heterothallic species male and female sex organs ie. i 
and oogonia are produced on different filaments. 


i i A,B&C-F 
ig. 3.27—Macrandrous species of Oedogonium. A, 
Bias showing successive stages in fertilisation. 


i lopment of anth 
the basis of the mode of the deve 
m. of Oedogonium may be macro us: E 
type. In macrandrous type or species, ant ps i ipsi 
normal-sized filaments whereas in nan 
are produced on Rec awa flament ^ iawo 
ia (singular: nani s s 

pe nanne = heterothallic but nannandrous spe 


heterothallic. E 
Development of Antheridia in Macrandrous type : E 
; - n a te 
Antheridia in this species may be Rer š 
in QUOD: Any vegetative cell except the yy 
actheridial mother cell ; the anth 
two daughter cells of unequal Sei e 
into an Rotheridiugt. 106 is Me 
i antheridia ce 
urea paint forming a row containing 8 


mic content of L erally 
Mi aes a single antherozoid, but g 
m 
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trassverse or vertical division to form two daughter protoplasts, 
m of which becomes an antherozoid (sperm). Ç 

The antherorolds of most species are like zoospores in structures 

for the smaller size, poorer in chlorophyll content and fewer 

The mode of liberation of antherozoids from antheridia 

h in the same manner as that of zoospores, and the antherozoids 

are likewise surrounded by a hyaline vesicle at the time of liberation. 

Development of Antheridia in Nannandrous type :— 

The male sex organs antheridia are borne by special dwarf 
filaments called “dwarf males,” “dwarf male filaments or nannandria. 
‘The dwarf males attach themselves to the filament bearing oogonium 
Le. female n. The 'dwarf males' bearing antherdia are 

Ww de germination of special type of zoospores, called 
emdrompores that are formed singly within the androsporangia. 
Androsporangia are quite similar is appearance to the antheridia of 
macrandrous s 


pecies and they are developed in a row from the 
Vegetative cells 


in the same manner as that ofthe antheridia of 
macrandrous species ; the protoplast 


t of each androsporangium is 
metamorphosed into a single androspore. 
Fragmentation 
X 
Akinete 
X 
Zoospore i 
X 
Asexual reproduction 
Andro: ium 
OEDOGONIUM ie 
: Oogonium Androspore 
Sexual reproduction x xt 
* Zoospores ÜOosphere Dwart 
x x thale 
filament 
Antheridia 
x 
Antherozoid 
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being surround 
ed b : 
th i ; y a vesicle when it i 
ge mp aed the andres Is first lib era 
mother. cell. 12 2s the vicinity of an ae freely in 
Aes it a former condition, te anie 
own SUGrO 
warf male filament—the Ma sa Hi 


Fragmentation 
x 
Akinete 4 
s X 
Zoospore 
X 
1 Asexual reproduction, 
 OEDOGONIUM < 


X 
Sexual reproduction 


when the androspore attaches itself upon the wall of the 
dwarf male 


mother cell, it has been found to form the 
he division of the oogonki 


always on the suffultory cell after t 

cell into oogonium and suffultoy ce 
a holdfast and forms a one-celled germling. 
in most species function as antheridial moth 
or more antheridia at its apex. The protoplast of each 

divides to form two antherozoids, each with an apical 
flagella. The antherozoids liberate by a lid-like open 
antheridial cell and make their way to the oogonial apert 


If a nannandrous species bears both androsporangia an 
on the same filament, the species is termed gynandrospo 
two are borne on different filaments, the species — 


idioandrosporous. 


e >” 
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Development nia :— 
Ea types are developed by p a 
p.d terminal or intercalary vegetative cell, ca I 
oogental sailor 460 The oogonial mother cell divides transversely 
ual daughter cells, e.g. an upper shorter daughter 
m] DUM epe daughter cell. The apt Misa sd 
swells ellipsoidal or oval structure—t - 
eed Sen = plo are always provided with pue 
at the upper end. The lower larger cell forms t ° 
cell of the oogonium and is known as suffultory cell. 
cell may remain undivided or it may again act as an 


the oogonium attains maturity, there is formation of a 
pore or a transverse crack in the  oogonial wall. 
Protoplast within an oogonium gradually metamorphoses into 


*?R or ovum. At first the nucleus within a developing 
ovum is centrally located, but 


Shortly before fertilization it 
to the periphery of the ovum just within the opening in the 


ovum ready for fertilization retracts slightly from the 
@ogonial wall and develops a h 4 


yaline receptive spot external to the 
In nannandrous type, 


I the structure and mode of development 
of the oogonia are identical with those of macrandrous type. Š 


i ovum nucleus, 
result zygote 9r oospore is formed, Next Y 


the z i 
and gradually passes into a re: ate es to 
Parthenogenetic 
is 


developm ee Sting state, 

en i; 

Parthenospore ) ound in some s daca egg (called 
Germination of Zygote :— 

zygote ot oos “ygote t—After a 


meiotic divisio t 
y the cytopla n to form 
into four pasm of zygote b . 
a E of which rounds itself of green and divide 


and are are liberated 
the Surrounded b 


| 
: 


: bursti 
Y the vesicle. m E Of the Zygot 
tint, $ e vesi gote wall 
cely in water and each o Which i SPPears, 
minates 
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into a new Oedogonium fil mai 
` | Oea ament. In s crandrou: 
denso tae a Das been noted that fen of the four zo 
m ° T 
is ale filaments and the other two 


Alternation of generations— 


Oedogonium has alternation of sexual i. asexual i 
: : n "n al -e. : 
pss phases in its life cycle. The pee peer is in 
a represented by diploid zygote (2n) only before reduction di 
edogonium plant itself represents the haploid gametophytic or sexu 


Salient features of Oedogonium : 


Fes Plant body is of filamentous unbranched type, differentiated: 

(2) Presence of a large single nucleu ticulate 
numerous pyrenoids. s eus ad 

(3) Presence of caps in the dividing cells, 

(4) Vegetative reproduction by elaborate cell division. 

(5) Asexual reproduction by multiflagellate zoospores. In each 
flagella are arranged in a ring around a colourless beak-like area. ó 

(6) Sexual reproduction is Of oogamous type. 

(7) Both zoospores and sperms i.e. antherozoids are multiflagellate, h 
are similar to each other but zoospores are much smaller in size 
indicate the origin of sperms from zoospores. 

(8) In macrandrous species antheridia are produced in rows on 
filaments but in nannandrous species antheridia are prodi on 
male filaments. The dwarf male filament is produced by the ge 
multiflagellate androspore. Female gamete ie. ovum or 


singly within each oogonium, 
(9) Male gametes and female gametes are different. The former: 
and the latter are large and non-motile. Therefore gametes are heteros 
ut undergoing any period of | 


(10) The zoospores germinate witho 
The oospores i.e. zygotes serve as 


produce new filaments. Th 
over the unfavourable condition. 
(11) Four zoospores are prod 
out of the four zoospores two pr 
female plants. j 
(12) Parthenogenesis also occurs in some species by the fe 
parthenospores from unfertilised eggs- 

Common Indian species :—Oecdogonium aster ; O. elegans; O. 4 
armigerum ; O. cardiacum ; O. oblongellum etc. " 
Difference between gee in and Ulothrix : Ocdogon' 
Ulothrix by the following characters :— 
(a) Oedogonium reproduces sexually by oogamy but Ulothrix 
isogamy. ei 4 

©) In Oedogonium, the cells which produce an a prc an 
different from the normal vegetative cells bu 
normal vegetative cells. 


J. SPIROGYRA aa 

i tacee 
irogyra belongs to the family Zygnematace? ^." Ch 
jugáles under the class Chlorophyceae of the divisio: 


uced from each oospore after its t 
oduce male plants and i 


ALGAE—CHLOROPHYTA 471 


h-water green 
' is the commonest fres : 
genus occurs H water of ponds, tanks, pools, 
as = Aa forming floating masses. It 
scum" or “pond silk" and each filament is surrounded 
ous sheath of pectose, therefore Spirogyra species 
to the touch. Some species remain attached to the 
by means of the holdfast in the early stage, e.g. 
of 


the Vegetative body :—Vegetative body is a multi- 

nd unbranched filament, the filament is not differentiated 

and 
to 


and hence all the cells of the filament are alike. 
"D aede of cylindrical cells NS. 

end. The filament of i 
a thus consists of a uniseriate 

cells. The lateral cell wall is >} 
d three-layered, the inner two = à f 
composed of cellulose and the 3 CHLOROPLAST 
it layer is composed of pectose. 
walls are also three-layered 
1969), the middie lamella of 
J of pectose bounded 

tide by layers of pectin ; in some 
"midd 


T the cross wall | Sip on 
On either side, with annular : 
| of cellulose layer on which qeu 


tio are ited— 
is known as replicate wall. 
walls e.g. plane, repli- 


and unduli- 


Temains 
„(primordial 
in the centre 


the cell by 
ends Which extend from the 


to the pyre-  Fig.3 Qo: j 
* jÉ. —P, 
AREN ot stion of the 


at intervals EA or smooth 
granular fo 
ies 


à a va 
> Proteinaceous bo 
^ in length of the f 
lame 
i and ret Nt takes plac i 
| k sequent Stowth of individual cals, enia cel 
divide z 4 S 
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Reproduction *—Spiro, i 
. Spirogyra reproduces vegetatiyel; 
Asexual reproduction is totally absent. Fuller and TR [ 
comment that “strangely enough although Spirogyra is an 
alga, it produces neither zoospores, nor flagellated gametes. 
1. VEGETATIVE REPRODUCTION— : 


. Itis effected by fragmentation i.e. breaking up of a 
either due to accidental breaking or due to the softening 
cross wall between the two adjacent cells into its constituent 
each part or piece of the broken filament grows out into a | 
by repeated cell divisions. 


CONJUGATING CONJUGATION 
FILAMENTS TUBE 


i i i toplasts 
ig. 3.31—Spirogyra sp. showing details of pro 
FS ind eee of scalariform conjugation. 


i i tes 
ically identical gametes (isogame 
mies oF the vegetative cells, Cdn hte anista ndia 
But the retention of one gamete A aiaa 


ili i another from 
š am Mere Sexual reproduction occurs a 
of the year according to species. ats 

Two types of conjugation are ound, e. EN ) 
5» Scalariform or ladder-like conjugate mi ee 
ES thallic species ie. between he Es 
laments and u rp eo ies cells of the same 1 

i cies i.e. betwee it coe E 

wants or Ladder-like Conjugation : x E. 

te: iş process, two different filaments PPP out chelé 
uuo Proximity with each other t 
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lengths. The cells in two filaments which are in contact produce 
short protuberances from the walls of the cells in opposite 
directions. These protuberances come in contact by corresponding 


and te further, as the two filaments are pushed apart. 
isally the walls of these protuberances are dissolved forming 
an in each case, and in this way a conjugation tube 


opening 
connecting the two cells is formed. In the mean time, the protoplasts 
of the two conjugating cells begin to contract to form gametes. 
The gametes of the cells in one filament become ameboid and move 
across the conjugation tube to the cells of the other filament. 


GAMETES CONJUGATION TUBE 


ZYGOSPORE 


Fig, 3.32—Successive s 
formation of 


tages in scalarifor, i 
m conjugati 
gametes and zygospore, gation and 


The gametes of 
i two cells fuse and th i 
gation ished. The product of d ee s 


hallic species, ke adjacent cells 


mall oy 
pol walls on shee ae > 


` 
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contracted protoplast i.e 

r et t 
Brent cell „and fuses Meere the, ca -— 
^ c ann is the formation of zygospore P 
ype of conjugation is called lateral prane N 


Fig. 3.33— Spirogyra sp. showing stages in lateral 
conjugation P tho formation of ays I 
Germination of Zygospore :— The zygospore thus formes 
the types of conjugation becomes surrounded a : 
thick wall and is highly LI 
cold and drought. The zygospore 
to the bottom of water and 
period of rest 
germination the di - 


layers of the zygospore re 1 
innermost cellulose layer emerges 9 
form of a cyl | germ tube, this | 


divida tinti into a new 2-00 
ament. am "e 
develops by successive divisions | 
cell of the 2-celled filament, Tanu 


id nucleus 
haploid nu jJ 


4 haploid zygospore, so ach & 
Fig. 3.34—Spiroeyra haploid which is derived from the sin 
sp. Germination cell of the zygospore. 


of zygospore. 
so found to occur in Š 


` parthenogenesis is al ^ Z 


the development of parthenospores or 
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á become 
thick wall to xn 
secretes a thi into a 
ep and minates 
of rest ger 
a period 


[e 
x 


conjugation of morphologically identical 
Logametes, Two types of Conjugations 
in any cell of” 
Sex Organs, 


it is Confined within the 
reduction division Le. 
one remains func. 


Temaing. 
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Some species the male filame: 
(Prescott, 1969). 


K. ZYGNEMA 


It belongs to the family Zygnematacez of the order Co 
under the class Chlorophycez of the division Chlorophyta. 


Occurrence :—The genus Zygnema, with about 95 
another very common fresh-water green filamentous 
usually occurs on the surface of slow running as well as 
of ponds, streams, jheels, ditches etc. as yellowish free 
masses. In some cases they are also found attached to th 
stratum by means of rhizoid-like outgrowths called haptera. 


CELL WALL 


STELLATE 
CHLOROPLAST 


NUCLEUS: 


lee 
uus | 
HERI) LUE 


te formation and ci 


Fig, 3.37— Game! pene rE 
Fig. 3 36—Zygnema sp. 37 Gamel? Zygosp es, fa 
Sue fa portion Celeus iorolns et Sa 


i yra, the 
Structure of the Vegetative body gyako SP 
‘body of Zygnema is an unbranched e uc 
distinction into base and apex. e lame not mo 
row of cylindrical cells, usually wi gn fil 

the breadth and joined end to end. 
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alike, rarely certain cells of a filament develop rhizoid-like 
pared which C fixing organ and is known as haptera. 


lateral 1 is composed of two cellulose layers or it may 
nier e dde D sotóss layer. The replication of cross walls. 
is found in Spirogyra is absent in Zygnema. A cell of the filament 
surface view looks rectangular in outline. Each cell contains 
Marshaped (stellate) chloroplasts, each with a single large 
st its centre anda nucleus embedded in a broad strand 
Connecting the two chloroplasts. These two chloro- 
axial to each other and in the longitudinal axis of a cell’ 


). Each chloroplast has numerous delicate to massive 
which extend towards the periphery of the cytoplasm (i.e. 
membrane ). 


EB LE f 


HE 
H 
= 
: 
£ 
B 
= 
š 
$ 
Ë 
° 
Š 
E 
g 


daughter nucleus and a chloroplast of the parent cell. 

f a divided daughter cell lies lateral to the chloroplast 
y between the poles of the cell. Later on the chloroplast 
e nucleus migrates to a 
hloroplasts. 


Me 


j 


production in Zygnema takes pl : 

formation of akin nt sexual methods. In some exceptionay mainly 
es ani ; 

Species asexual reproducti aplanospores has been reported, 


ü T VEGETATIVE REPRODUCTION— 


pce by an acident Soh , takes 
into several pi 


s 


s lariform Conjugation—The 
into a i cell may be con- 


1 


call of at ©, hence any 
nt may be a 
Organ or gametangium, The two fila 
a ree d erjugation approach 
by side lena Place themselves side 
Wa Wise and are enveloped 
aa Pre mucilage sheath. T 
á RN S or p; ‘ 
Sitely of cells, the 
Protoplast is finally e morph *is 
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points the comm 


establishing clear passages known as conjugation tubes, 
‘Conjugation tubes the active and 


(male) migrate to the gametes of other filament (female) 
there forming Zygospores. 


In some species both the gametes may become ameboid, ni 
towards each other and unite in the conjugation tube form 
zygospore there. 


Isogamous type of sexual reproduction is found in Z. pe 
but Z. stellinum exhibits anisogamous type of sexual repr i 
Where passive gametes produced from some larger cells are | 
than the active gametes produced from smaller cells. 


(ii) Lateral conjugation—This type of conjugation takes | 
between the adjoining cells of the same filament and is kno " 
lateral conjugation. The process of lateral conjugation is pa 
as that in Spirogyra. I 


Parthenogenesis also occurs. The protoplast of aa : 
up to form a thick-walled zygote-like structure ( vie be 
known as azygospore, azygote or parthenospore which g 
directly into a new filament. 


i ic union, the Z 
Germination of the Zygospore :— After gametic union, off 
pore is surrounded bya thick three-layered wall. Union oí 


inati of Zygnema 
9—Different stages in the germination of zygospore 


jp i jately or may 7 
ind nuclei in a ch cai m bed plis pests ye rom 
4 etime. e zy e is Cv as erated 
ey cef or from the conjugation Mr 
tho iip of the à ial or the conjugation H 
: tue ersostis Ist tfor few months. 
epi dergoes a period of res pape 
imde Lor d there is a reductio F 
inati e zygospore, eT É 
cem veles cu cin asa result four ne staves nti 
“ att ieee of which degenerate, the 
formed ; 


ost 

P two outerm 

: ing germination the together with 
rminates. During ger ermost wall toge 

zygospore gc rupture and the inn 

of zygospore 
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tially escape 
pin escape uter layers or only par 
oh m penal transversely inio qo. pres 
or cells by repeated divisions give rise to a 
otlis—the 
filament. 


P sun at. T 

Though there ical differentiation in the gametes, 

i mete oud. e. more or less amoeboid in 

pte =" E fuse with that of opposite cell is looked upon 

male bacs Dr gamete which receives the active gamete from 

-- $1 lor gametic union is considered as female. So there 
is differentiation of gametes. 


—-»Conjugating cells—-»Conjugation of active 
Kresema plant a of tate fend and passive 


isogametes (n) 


By 
Four haploid <——_ 


Germinating. 
‘nuclear stage (n) meiosis 


«-—Zygospore (2n) 
Zygospore 


pirogyra and Z) ‘ygnema :— 


cylindrical cell of Spirogyra bears 1-14 spiral band of chloroplast ; 
bat ia Zygnema 2 star-like chloroplasts are Present in each cell. 
of Spirogyra contain many Pyrenoids but in Z Jgnema each 


‘chloroplast One pyrenoid (i.e. two in each cell) 
ae, daea cell walls of Spirogyra are three-layered, 
“walls is entirely 


» Cross walls are re, licated 
lateral walls are two-layered and the replication of cross 
Salient features of Zygnema : 
"AL. Piant body is of unbranched filamentous type without being differentiated 
Q) Cell wan is composed of two Cellulose or Pectose layers. 
G) Presence of two star-shaped chloroplasts in each cell, 
Me Absence of any flagellate Teproductive cells, 
Sexual y conjugation (both Scalariform and lateral) of 
Common Indian 7 
Z. terrestre etc, o SPeCleS I— Zy enema indicum; Z. #angeticum ; Z &iganteum 
L. COSMARIUM 


commonly known a "desmi 
Desmidiaceg of t 8 de 
OF the division ur RC 


H mid’, belongs to th * 
o e famil 
N nJugales under the class orop i ly 


s N morphous 
oun I 
re” (Smith, 1993), "2 intermingled 
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Structure of the Vegetative body :— The veget: 
cellular. Each cell has a distinct median constricti 
which divides the cell into two symmetrical halves 
The semi-cells are joined together by a narrow 
known as the isthmus. In front view the semi-cells n 
ellipsoidal, reniform in shape but in vertical view t 
in shape ; in side view semi-cells appear oval in shap 
wall is either smooth or ornamented and which 


D. 


B-D— 
— Vegetative cell. 
Fig. 3.40— Cosa NHE. egeat mr j 
ree concentric aye r Ba ZQ 
: ost thin cellulose QS ith 
sis. composed of cellulose Amt mucilaginous I 
com W: 
ae ape tn ine duo hibet layers are 
be thin or r 
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simple or and specialised vertical pores, these small pores 
=à be nigh over the cell wall excepting the isthmus region. 
Through pores mucilage is secreted. Generally one chloroplast 
pn pesen in cach semi-cell, sometimes two chloroplasts are present 
Cm ach xemi«cll; these are mostly axial. Each chloroplast is 
with radiating plates and contains one centrally placed 


md Four or more chloroplasts may also be present in each 


Of some species, then those are parietal. The protoplast 
Contains a single nucleus which always lies in the isthmus and is 
in a mass of cytoplasm. 


c0 Mevement— Cosmarium moves in water, this movement is in a 
series of jerks which is intimately connected with a localised secretion 
of Material through pores at one end of the cell. 


Reproduction :—The. plant reproduces by vegetative and sexual 


L VEGETATIVE REPRODUCTION :— 


- X Vegetative reproduction takes place by cell division. 
ptocess the nucleus first divides mitotically into two daug 


LI 


During this 
hter nuclei, 


55E 
the germination of | duction, formati 
this is immediate] of zygospore (E) ip ation of z 


i , ZygOspore 
Thena y followed y the in Cosmarium s 
io elon P. 
daughter nuclei dives, mt hes n bets region 
31-(vol, 1) Y the pare : 


$4 << Fig. 341- Stages of sexual 
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2. SEXUAL REPRODUCTION :— 


: Sexual reproduction takes place by conjugation 
isogametes, the protoplast of each cojugating c 
gamete. Conjugation generally takes place between | 
cells, but sometimes it takes place only between newly 
which the new semi-cells have not attained their fi 
conjugation, the two conjugating cells come in close 
other, lie side by side and are enveloped by a comm 
sheath. In the meantime each cell splits open ai 
the semi-cells move apart allowing the protoplasts 
emerge. The gametes now move towards each other 
movement and ultimately fuse together forming a glo 
The zygospore immediately surrounds itself with - 
thick wall, the outermost layer of which may be smoot 
Germination of Zygospore :—The zygospore sinks to t! 
of the pond and after a period of rest germinates. 
nation the diploid zygospore nucleus divides meiotic 
four haploid daughter nuclei, of which 2 daughter n 
and the other two remain functional. The zygosoo 
divides into two daughter chloroplasts. Each daug^ 
with one functional nucleus constitutes a daughter proti 
develops into a new plant. The new plant is linera 
zygospore by the rupture of the zygospore wall. ^ 
When conjugation fails, formation of azvgospores orm 
pores has also been reported in some species a i ; 
parthenospore directly germinates into a new plant. 


Life Cycle :— ate 
Cosmarium plant body——-Two Conjugating cells (n) 


fee Isogamete (n) Isogamere (n) 


metamorphosed (eramo p! 
| lent ol ceil) content of cell) — 


On germination 
UDIN. gametophytes 


By meiosis 
2 functional ——4 nuclei (n ——— 
nuclei (n 


pa. (20) - 


N 
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Pant body is unicellular /mpose i isthmus. 
M ; d of two semi-cells and ist 
» Presence pot m 2c pores on the cell wall. 
g shaped with radiating plates. 
Les by cell division. 
reproduction [= 


reproduction is absent. -motile isogametes. , 
F Py Beal tesedoton I “a ; C. granatum; C.-bengalense ; 
4 5 BE C ome. 


M. CAULERPA 


Caulerpa belongs 2 order Sipho- 
ily Caulerpacez of the order 
nales under the class Gown of the division Chlorophyta. 


Üecurrenee— The genus Cauler 
of Caulerpa 


i Most of the species 
ies” in deep or 
ttom species” which may grow in 
hay ba - are rooted in sand or mud forming the charac- 


P 
s 
F 
< 
š 
š 
z 
= 


» the thallus j à 
ifferentiated into Prostrate, Creeping, more or less 
branched, Stolon-like portion wit 
at 


h root-like appendages ( i e, 
Side and erect shoot-like 
Bpper side. Hence the one. 


aerial appendages on 

Ra. celled thallus of Caulerpa has the ne 

and external orm comparable to that of a Vascular plant wit 

& creeping stolon. © shoot-like aerial appendages perform the 

functions of assi Shoot or assimilators. € numerous 

. Species show a Temarkable variation n the morphology of the 
. Bssimilatory shoot of the thallus, they may be 

—— like or segmented 


Structure or 
x fesembling Pinnate leaves. Internally, 
x Coenocyte without transvi ! 


Simple flat blade- 
Complicated br. 
rite "i ae is a ranched 
erse septa ; but the thallus ; 
internal, longitudinal and V AE 


> 
' 
t 


e walls called 
ES Hà Š Sa abeculae are Strongly 
fcome few i € assimi 
deve loped Or absent in the thizoj D rud "es 
pia Y is a unicellular 


n Zoids, ence the entire 
: multinucleate a 
Browth is Provided b is 


nd branched. S 
h y trabeculae, besides ivin Port for 
| are considered uses ides g 
» Prescott, 1969). Th i 
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well as the walls of 
as | the trabe 
pectic acids and pentose—but cellulose i ED ibst 


Reproduction— Caulerpa reproduces vegetatively z 


À . y 2 
Li À x 


\ Ta 


Rhizome-like portion 


SY 


tative bodies of different 
vegetati ‘of an 


Fig. 3.42— Portions of the 
of Caulerpa (A—D). E—Longitudinal 
assimilator showing trabeculae. 
1. VEGETATIVE RepropucTIon— Vegetative 
effected by fragmentation and proliferation o 
olon underg' 


this process the older parts of the st 
erect shoots become separated. These detached a 


feration produce new plants. In this way fe t 
plants takes place. EY. 
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i be of 
Sexvat  REPRODUCTION— roduction may Í 
- anisogamous ae i ane Fre repo 
observed Ea isogamous mith, : 
p el ae hetsrottallis. pre so 
| d biflagellate. 
m. cag etd are of two kinds, e.g. Saaler 
cog i eee nc ea. Gametes are develop 
" and larger macr 


= 


GAMETIC 
EXTRUSION EXTRUSIO, 
PAPILLAE th, N 


have a red 
i a single parietal chloroplast. Ga 
e to form 


metes aft 
zygotes. Each zygote Soon lose 


Ot known. 


fe cycle lacks Spore bearing generation but 
y pepresents 


the diploid (2n) stru t 
to haploid gametes ( Prescott, 1969). Eu 


:—The li 


By : 
plant Cn) meiosis Aniso gametes (n) 


I By fusion 
—Zygote Que 
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Salient features of Caulerpa : 


(1) Plant body is coenocytic being differentiated into p 
€rect aerial portions. 


(2) Presence of internal extensions of the wall forn 
skeletal strands known as trabeculae, 

(3) Sexual Teproduction is of both isogamous and aniso 
latter is more c: mmon— gametes are zoospore-like, i.e, biffa; 


(4) Liberation of gametes take place through the 
growths called extrusion papillae. 


Common Jndian species :— Caulerpa racemosa; C. peli 
C. fastigiata; C. clavifera etc. 


N. VAUCHERIA 


Occurrence :—The genus | 
about 40 species is terres i 
Terrestrial species grow upo 
in ploughed fields where they 
green velvety mats. Aquatic 
shallow fresh-water streams, 
i.e. some species are marine. Inf 
green, streaming hanks are for l 
when immersed, the plant gro 
erect branches in penicillate tufts. 


Structure of the Vegetative 


centimetres. The filament isa 
substratum by means 


inner cellulose laye rand 
The wall inside 1s Rags: 
. peripheral rs ee 
Fig. 3.44—An hey nümerous'small nuclei t ards i 
E p enoro piet and man an s Me 
2 a i ou n CANSA 
QE central vacuole, pan etl pins u^ sin 2 
Mm d ioi from end to end. 
i t interrup f ne 
ea isa Saat. droplets of oil as reserve 100€ ` 
con 
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CO! to the apices of the filamen 

i nfined i 

of the thall 1 s ^ t 

terminal portions. The Souestion of the filan ent is accompanied 
of nuclei without the formation of cross walls. 

by repeated 


d sexual 
both by asexual an 
Vaucheria reproduces 

Bepreduetion 1— 


1. ASEXUAL REPRODUCTION— 


lly 
ion takes place genera 
of reproduction a, 
L^ deg pe MA diis zoospores or fred toetorniiene 
" de] singly within the club-shape Uc an 
Y n of the branches. Opes iude Pris out 
` i h of the 
i he tip of a branc athe pte 
saya eta ic E deed eie Saba $a 
ether wil I 
uen Y 2p mp ies the rest of the branch by the 
iita e wall ana thus forms a zoosporangium. 


"MULTIFLAGELLATE 
1ZOOSPORE— y 


Showing formation of zoosp. 
Orangium (Bj C- Si 
germinating Zoospore, 
Next the entire Protoplasmic Contents with numerous 
‘Plasts contract n oval n ass, the nuc] 


; the cytoplasm and 
ntral Tegion—then a air of 


Orangium (A) and 
ingle Zoospore. 


nuclei and 
ei arrange 
the chloro. 
nt flagella, 
and thus a 

K 200spore is intense] 
orm E * After; Piet, m 
- the *Porangium wall 


Colo 


| ur and Spherical or 
Zoospore is lully de 
Softens to for 


Veloped, the s 
Pore smaller ; 
Ospores Usually liberate from the ZO “io 


nuclei and chloroplasts in addition to numerous pair 
flagella, almost equal in length—hence this type 
considered a compound zoospore which is also kno 
pore or synzoospore. 


(ii) Aplanospore :—In some terrestrial species of 
growing on damp soil, the entire protoplast of a 
develops into a thin-walled non-motile aplanospore or z 
akinete, instead of into a zoospore. Aplanospore is 
an irregular rupture of the sporangial wall and g 
new thallus. The akinete may become detached from 
they may germinate while attached to the thallus. 
entire protoplast of a sporangium may divide intoa | 
of small aplanospores (microaplanospores). 


(iii) Hypnospore or Cysts—During unfavourable 
during drought the entire protoplast of the filame 
species becomes separated into short septate segments 
divisions. Each segmented protoplast then rounds off d 


Oogonium Beak 


C 


i A— Vaucheria sp. S 
A e Es of fertilization 


i herical spores are 
i all. These thickewalled sp s x 
ch “aplanospores or Aypnospores. Each hyp’ 


ing sex organs and 
nota) in detail. 
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the 

| liberation, i into a new filament or 
T es tay divide further into a number 
ps “eysts’ in a row giving rise to a structure what : 
ded stage. Under favourable conditions, these cysts 


directly into new filaments or into small amoeboid 
Siroctures from which new filaments are developed. 


2. SexuAL REPRODUCTION— 


reorod Vaucheria is of oogamous type. 4 Most 

of the species of e q " fresh-water and terrestrial species are 
bomothallic while a few marine species are heterothallic. Regarding 
the arrangement of sex organs, there is a great variation in the 
species and even in different individuals of the same 


l 


idium is a slender, curved hook-like tubular structure, 
by a terminal pore. The antheridium is formed at the 

short latera! branch and its development begins slightly 
that of the oogonium. Here also the tip of a branch 
an antheridium is densely filled with cytoplasm containing 
nuclei and a few chloroplasts ; this denser portion is cut 
from the rest of the filament by a cross wall. The protoplast 
an antheridiun becomes divided into a number of uninucleate 
Pl each EPUM is metamorphosed into a biflagellate 


ji 


| 


1 


23 


; 1969). When the 


berated in 
Pore formed by the 


‘og water through 
tion of the t the apex 
Generally in 


Species with the Sex or 
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a degeneration of all except one nucleus of a d 
But Oltmanns (1895), Heidinger (1908), Couch 
(1937) hold that “all but one, or all but a very 
migrate out from an oogonium before formation 


Fertilization—When the oogonium is mature 
colourless beak forming a wide apical pore. Throw 
a droplet of gelatinous material exudes. The spei 
the terminal opening of the neighbouring anthei 
the oogonium and accumulate near the tip of 
the gelatinous droplet. Several sperms may 
through the apical pore, but only one of them 
resulting in the formation of oospore i.e, zygote. 
the oospore is invested by a thick wall (with 3-7. 
plast becomes densely filled with oil. The oospore 
resting period of several months. 


— Hiypnospore 
x 
Aplanospore 
X 


Zoospore 
x 


Asexual reproduction 


VAUCHERIA 
x 


Sexual reproduction 


Zygote 
Fig. 3.47—Life cycle of Vaucheria Sp- 


Germination of Zygote 
several months germinate 
takes place in zygouc nucleus pu 
the vegetative filament of | auc 
is similar to that of the majority o 
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fulient features of Vaucheria : 


49% 


(i) Twecamccytic filamentous branched condition of the plant body in which 
suh win teate 


wuuctore is 


not divided into cell walls, 


so the habit is 


m body is attached to the substratum by hapteron-like colourless. 
E Lut called rhizoids. 


O) Reserve foods are tats and oils. 


4) Asexual reproduction by means of multiflagellate zoospores (cceno- 
goospora)-— the zoospores arc even visibie to the naked eye. 


complicated oogamous type of sexual reproduction, even with the 


vd n" No alteration of generation with diplophase (2n) to 
[eh bas been clearly established. 


“° The 


oogonium is lar 
‘The smberidium isa 


is large. the contents of which constitute a single egg. 
hooked cylinder which contains many biflagellate sperms- 


bearieg two terminal fl.gelia of unequal length. 


Jadian species: Vaucheria terrestris ; 


V. clavata; V. or. entalis 


Common 
V. issis; V. sessilis; V. geminata ; V. ornithocephala etc. 


O. CHARA 


Chara, commonly known as “stone wort”, belongs to the fami 
> am l 
Chatacce of the order Charales under the cla E hs 


Chlorophyta. 
Occurrence :—Chara, 


ss Charophycee of the 


Co oomen n with about 90 species grows submerged in 


9! ponds, pools, lakes, j 
| » jheels etc. 
forming extensive mass of aquatic 
or semiaquatic vegetation. A few 
Species may grow in brackish water. 
^ Structure of the Vegetative body 
apy body Ain Chara 
erect, slender and 
an branched Cylindrical main 
2 attaining lengths 20 to 40 cm. 
"1 height. Chara remains attached 
s. substratum under water by 
of ue branched multi- 
$ arising from the 
base of the main axis at the node. 
‘ely bran- 
ay or 
differentiated io Mni e 
noces. T ct main i 
nid axis is diffe- 
Tentated a 
from each node, a Ate of r ex 
leaves", develops, 


by rhizoids u 


pon muddy or sandy bottoms: 


CENTRAL 
CYLINDRICAL 
CELL 


ELONGATED 
NARROW ' CELLS 


Fig. 3.48— port; 
i ortion of th i i 
E t em 
EREN bearing mature globule * 
e and so-called leaves, ' 


The limited pr. 
growth ma So-called ‘leaves’ ; growth, often 
tiation into odes and ince Ue and ifr Nt n 
se ‘leaves’, one odes (Smith, 19 ithout a 
Fesembling the main axi h e banche) of is m the 
Ay also arise nlimited 
- The 
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branches of Chara are of two types viz., (i) 


growth or so-called 


iFig. 


:49—A portion of Chara 
< vals the habit. 
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“leaves” and (ii nchi 
growth. Each internode is compoiat ED Ke 
which is many times longer than broad, each in 
ensheathed i.e. corticated by a layer of vertically e 
cells of much smaller diameter arising from basal 
the cortex. This ensheathing layer i.e. cortex of 
¿always one-cell in thickness. 


encrusted with calcium car 
C 


Growth of the main and li 

Both the main and lateral 
of a single dome-shaped apical 
segments at its posterior face. 
ments cut off by an apical cell di 
into two daughter cells. The lower ¢ 
remains undivided, elongates co 
matures into the single axial cell c 
internode ; the upper daughter cell, 
divisions, gives rise to the layer 
the lateral branches or to the rh 
nodal cell of the lateral axis is ` J 
internodal cell of the main axis. In. 
long internodal cell becomes co j 
layer consisting of vertically el 
cells formed by division of the b 
leaves of the upper and lower nodes. 


Apical and nodal cells are ui 
with dense cytoplasm and v 
picuous vacuoles, these |] 
discoid chloroplasts without 
But greatly enlarged cells | 
regions i. e. internodal cells 
nucleate (formed from uninuc 
tion as a result of  amitos 
numerous small ellipsoidal ch 
embedded in the peripheral cytop 
layer lining a large central vacuo 
chloroplasts in internodal, C 
longitudinal, spirally E 

ies ; cyto n f 
series; the cy X exhibit 
streaming movement | 
direction. Cell wall 
cellulose ; a super 
isalso found surroun 
In several species, 


]o! 


Reproduction :—Chara rep! 
Casa atiy and sexual b 
Asexual method of repr i 
means of motile and non mo 
is completely lacking- 
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|. Veoerative REPRODUCTION—This type of reproduction may 
be effected by the following methods :— 

G) Amylase stars or Starch-stars :—Star-shaped aggregates of 
cet, demely filled with starch grains called “amylase stars” 
pen from the lower nodes. Amylase stars directly develop 

new 


SEXUAL RtPRODUCTION— Oo 
gamous type of sexual reproduc- 
thon with the development ot very complicated sex organs i found: 


Boi s: 
hom a jJorit A 
othallic, bearing. ia ae of Chara ar 

: € a fi e 


Ous 
e 
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structures. The male and female reproductive structu 
called antheridia and oogonia resoectively, but in case ç 


male reproductive structure is n: 
named as gl. 
.Hucule. i e 


Both the organs i.e. globule (male) and nu 
located at the node of the so-called ‘leaves’ and. 
facing the main axis with a definite arrangemen 
-always lying above the globule. 


Male reproductive structure i.e. Globule:—A 
a more or less globular, large and stalked struc 
or red in colour. 

The wall of the globule is composed of 8 ci 
shield cells, these cells are joined end to end fo 
-cellular wall structure. Each shield cell bears in 
shaped cell called manubrium or handle cell; from 
of the manubrium arise one or more rounded cells 
capitula. Each primary capitulum again produces” 
.capitula. From each secondary capitulum two 
threads, called  antheridial filaments or spermat« 
develop. Each spermatogenous filament bears a row 
.200 in number), each of which produces one spirally c 


MANUBRIUM 


VA PRIMARY 
CAPITULUM 


SECONDARY 
JJ CAPITULUM 


WAT 


i i and 

ig 3.5i—Chara sp A—Manubrium with primary and s 

PE nik and antheridial filaments. B—A porao 2 Š 
filament containing antherozoids. C—Single ma! 


i hero 
i ate aniherozoid or sperm. When anti 
peer re the shield cells of a globule separat ae 
exposing the antheridial filaments and s mE 
they are attached. As soon as the antheridia en ins 
each antherozoid is liberated from each ce eee 
filament in the surrounding water through a sm por 


antheridial wall. d 

Development of the Globule : —Globule develops fron É fue 
cell on tne adaxial side (ie. side facing the a ES 
superficial initial cell cuts off two en m hee 
daughter cell does not divide further an 
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iz 
i 
8 
z 
E 
LÀ 
2 
8 
Ë 
8 
Fs 
o 
E 
o 
8 
E 
z 
° 
2, 


i 
4 
i 
1 


Female 
feoredective structure or nucule is a short stalked oval or 
elliptical body being enveloped by five long filamentous cells (tube 


» Y8—Oogoni 
and stalk cell" o Im 
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cells) placed side by side and arranged spirally, 
appearance to the enclosing oogonium. Each 
cells or tube cells terminates into a small erect 
nucule; all such five cells together constitute 
or crown at the top of the nucule. The oogoniu 
large, uninucleate oosphere or ovum densely filled 
and starch grains. When a nucule attains 
twisted tube cells separate from one another jus 
make five small angular openings. 


Rhizoid initial 


Secondary 
protonema 


Protonema initial 
cell 


j itudinal sectio » 
. A & B—Zygote in longitu tin ; 
Fig. 354 Ce of germinating zygote. G Ad i 
ingle supe 
ule: Here also a sing 
initial) lopment oe adet a ‘leaf’ gives rise to the nl 
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i pd transversely row of three cells. The lowermost cell 
1 peng py mg po M to form the pedicel subtending 
[d 


terminal is an oogonial mother cell which elongates and 
iJ eae gives e to a short basalor stalk cell and a 


Oval oogonium. The protoplast of the oogonium is 
Bel large egg or ovum. 


t Sell Of the row of three divides vertically to form five sheath initials 
eee! cell, By transverse division each of the five sheath 
" Smaller upper cells (corona cells) and five lower large cells 


The corona cells elongate slightly and mature into the corona, 
OM a mucule, The tube cells elongate spirally many times 
wamawsdhaq the oogonium of the nucule. 


Fertilization :—The antherozoids after their liberation from the 
antheridial filament 


swim and collect near the corona; then free- 
or sperms enter the nucule through the an gular 
# tube 


just below the corona as a result of the separation 
sells from each other. 


One of the antherozoids traverses 
. m pis the base of the oogonium, penetrates the oogonium 
its gelatinised wall and fi 


nd finally fuses with the egg or ovum. 
The result of such fusion is the formation of oospore or zygote. 
none 
Bulbil 
x 
Amylam star. 
» X 
Vegetative reproduction 
CHARA. 
x 
Sexual reproduction 
Globule Nueule 
X 
Sperm 
t. x F3 
Typs de 
5 2X 
The ig. 3.55—Life cycle of Chara sp. 
tube secretes : 


a thick wall : 

I also become th; and the "d 
decay, leaving the Eee Other Dub ar Rete walls? of 
s 32—(ol D Portions of walls of tube cells, sheath 


Next 
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the zygote with the Surrounding remains of the 


bottom of the pool and there germi heath 
few weeks or months. germinates aftera resting p 


zygote nucleus divides reductionally into four haploid nuc 
the zygote cell divides by ante division ae 
cells e. g., a small apical lenticular cell and a large 

basal cell contains three haploid nuclei and the lentic 
contains a single haploid nucleus. The lenticular cell 
by the rupture of the zygote wall and divides vertically 
one of these cells forms the rhizoidal initial and the ot 
nematal initial. The large basal three-nucleate cell rem 
and its nuclei ultimately disintegrate. Rhizoidal initial 
to a colourless filamentous rhizoid differentiated into ñ 
internodes. A green filament, called primary protonem 
embryo, is formed from the  protonematal initial whic 
differentiated into nodes and internodes. From the lo 
node of a primary protonema appendages are produced w 
bear rhizoids or secondary protonema ; from the upper 
of appendages develops, of which all but one remain 8 
green filaments; the remaining one elongates forming 8 
axis of the new Chara plant. s 


Alternation of generations :—In the life history of Ci 
alternation of haploid to diploid generation is Jacking ; 
gametophytic plant Chara in succession produces haplo 3 
phyte. The diplophase or sporophyte is very limi 7 n, 
duration, probably it comprises only the fertilised egg i.e. Zyga 
upto very short resting period. 


Systematic position of Chara —Smith (1955), 
elaboration in the vegetative a 
distinct and po a 

ing Smith, Presco 
Asin Charophyceae (Charop : 
(1935) has placed Chara in aseparate order 
owing to some similarities with other mem 


ents, C! 
filam d 


relationship 
anthe 
pigment phaeophycin). 


resence of chlorophyll, 
Plant. Bryophytic link 
and complex sex organs. 
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Church ‘Chari t of many probable evolu- 
rc rei 9 " poy land habits." Incourse of such an 


whale other members failed to retain those characters. 
Eaa represents just o deed. side line" of the Chlorophyta. 


Salient features of Chara :— ET. 
represents. lexity in structure, the main axis 
of are codec Tie codes d internodes. The plant 

femains attached to substratum by rhizoids. a 
n Branches are dimorphic ie. of limited (called leaves) and unlimited 


O) Nodes bear both types of branches and sex organs, 
Vegetative reproduction takes place by the formation of amylase stars, 
wath ass secondary protonema. 
C) Complete absence of motile and non-motile spores. 


Sexual is of oogamous type. Sex organs are complicated 
speckled i structs 


Male sex organ, called globule, consists of 8 shield cells bearing rod-like 
ip 


primary aad secondary capitula bearing antheridial 
Bach cell of the Satheridial filament gives rise toa single biflagellate 
satberazoid or sperm. 


Female sex organ, called nucule, .is enveloped by protective sheath or 
š made of five long spirally wound filamentous Structures developed from 
tabecell, Apex of the nu:ule is crowned by a five-celled Structure called 


Post-fertilization Changes are very elaborate and lon 
£-cycled. 
(19) Typical alternation with ha 


ploid and diploid generations is 
= "qp S aen chen fragilis; C. Zeylanica ; 


lacking. 


C. brachypus ; 


CHAPTER IY. Chrysophyta 


4.1 Distinguishing characters of the division 


1. The division Chrysophyta contains ab: ! 

m t3000 genera ` 
majority (about three-fourths of ies} i i 
mane. the species) are fresh-water, 

. 2. The vegetative body has varied for 
siphonaceous to filamentous condition. The hp os 
two overlapping halves and they are often impregnated with 

3. Members of this division have their pigments locali 
phores, pigments are yellowish-green to golden-brown because of @ 
of carotenes and xanthophylis. The chromatophores are mos 
true pyrenoids. 

4. Food reserves are leucosin (a carbohydrate of 
composition) and oils. Starch is never formed. I 

5. Asexual reproduction may be by means of fiagellated or m 
spores. Sexual reproduction is usually isogamous and by union of 
nonflagellated gametes ; sometimes sexual reproduction may be ani 
oogamous. Flagellated reproductive cells are always provided with 
of unequal length. 4 

Smith (1955) has divided the division Chrysophyta into 
classes, viz :— 

Class 1 Xanthophyceae (Heterokontae), Class 2. Chryso| 
Bacillariophyceae. Following Smith, Prescott (1969) also di' 
into three subclasses (refer art. 1.1, page 400). 


Phylogenetic 


Prescott (1969) giving 
Formerly Xanthophyceae (y: 
because their si 


suggested such 
were placed with the Flagellates | 
motile unicells. e ie ww 
with the division Phaeophyta (brown a 

i i r t these 
iementation of both groups. The presen is tha ; 
w Xanthophycez (yellow-green algae), Cbrysophycez (golden brt e 
Bacillariopbyceæ (diatoms) belong to one division g p jj y 
The presence in all three classes of similar reserve aet S 
ell walls which are often silicified, similar pigments 


iparted m 
MIS formation of a distinct type of spore (the statospore) seems 


more recent phylogenetic interpretation. 
CLASS XANTHOPHYCEAE (HETEROKONTAE) 
or m 
nt body may be unicellular Of 
Mowishgreen chromatophores 


thophyll ; 
d one xanti ei 


Salient features :—(1) The pla 
(2) Members of hi Cyl e, -carotene an 

a, cbloro , pr $ 
A ex Spreng: Food reserves are mainly Jeucommi 
(3) Motile vegetative and reproductive cells are 
at the anterior end and differ in length an 
takes place by means of zoospores € Ergo 
takes place mostly by an isogamous unio: 


oogamous. 
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tae) š 
f the Class Xanthophyceae (Heterokon 
account of the 

4.2 General 


fresh- 
hyceæ are 1 
OCCURRENCE— ta erial species 
Most of the ne ter types occur as a, or 
ao Mie is, n the sides aaa am types 
inermingiei with the member a Bont other soil alge in or on 
also occur as terrestrial mm dere E tus: 
: " i icellular 
the soil in Staucture—The vegetative p f P. PEUT 
PO rt la lonial, siphonaceous (Botrydiu BR mainly 
rebar Th vegetative cell walls are comp perd 
eio dera ei acid or pectose ; cell walls d) 
somewhat en mee pet era ( Botrydium ), 
Š tin — In D inl NA ione genera have cells 
` = ae halves which fit 
= X e) by walls with two E ARAM piped 
ru lid of the Petri dish. In 1 ape 
sata th x i of a filament is composed of a linear e 
A Biter Heat in optical section, those pieces are 
called H-pieces, i 


LI 

-~ 

E 

E 
E: 
* 
a 
5 
A 


us forms have mu ) a | 
main food Teserve accumulated in protop asts ; bu eucosin, an 
insoluble white Substance is often found as food reserve. 
Rerropuction—Members of Xanthophycez reproduce vegeta. 
tively, asexually and Sexually, 


Vegetative reproduction takes 
of the i i 


place by the accidental breaking 
vegetative body into two parts. 


Asexual reproduction takes place by means of zoospores, 
and also by statospores, Zoospore i i 
always naked and wit i 


: f ospore may be for 
a cell i.e, 200sporangium, 
by the formati : 


on of aplanospores the 
of th Sporangiu. instead of Producin f 
Zoos 
may produce single aplanospore T Several aplanospores by division. 
Each agi mad ents directly into a new plant or it ma; 
( ic] germinate into l 
of Xanthophyceæ d i com 
Spores withi their proto S| Ase rog Plasmic | 
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statospores. .The protoplasts ofa Statospore divi ' 
germination Into 2 or 4 daughter protoplasts E j 
naked ameeboid bodies or as biflagellate Zoospores, " 
Sexual reproduction is mainly by isogamous union of zooj 
In Botrydium fusing gametes are motile and gametic 
1sogamous or anisogamous ( Moewus, 1940), Oogamo 
reproduction is noted only in the genus Vaucheria*, 


CLASSIFICATION— Fritsch (1935) has classified the class. 
phycez into four orders :— 


1. Heterococcales, 2. Heterosiphonales, 3. 
and 4. Heterochloridales. 


Smith (1955) on the other hand classified the class 
into six orders showing the evolutionary trends 
members of Xanthophycez :— 


1. Heterochloridales, 2. Rhizochloridales, 3. He 
4. Heterotrichales, 5. Heterococcales and 6. Het 


Prescott (1969) has classified the class Xanthophyce 
orders (refer article 1.1, page 400). 


4.3 Structure and Life history of BOTRYDIUM 


Botrydium belongs to the family Botrydiacee under the 
Heterosiphonales of the class Xanthophyceae under the « 
Chrysophyta. 

Occurrence— Botrydium with about 6 species is a te 
growing either on drying muddy banks of pools and s 
bare damp soil forming anextensive yellowish-green 
conditions are favourable. 

Structure of the Vegetative body :—The plant body 
two portions viz, a coloured globose or vesicular ( ball 
aerial portion, also called assimilator and a ee 
underground rhizoidal or root-like portion Pat He 
plant body i.e. thallus is composed of one hes Cun ete 
lacks cross walls but which contains many nuc o i 
Botrydium, like Vaucheria, is a coenocyte M A 
siphonaceous thallus body. : The Pn. Mol n 

m. in diameter ; in shape I ) : 
yd = environmental conditions, some e E bu 
cylinder. The vesicular portion is provide cell wall there 
wall made wholly of cellulose. Internal to aij BU j^ 
peripheral layer of cytoplasm CODD Hn ugs end 
chromatophores without true pyrenoios . 
^ * Vaucheria has been treated by Prescott (1969) 


ber oft 
Chad, 1945) and others as a mem 
Moers Chrysophyta because of 


'eser d 
d the lack of starch as reserv ob 
mem e re veram of Vaucheria, one is of the tinsel type ar ° 


à i resent, 
eds thallus pyrenoid-like bodies are one p 
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connected with each other by dense cytoplasmic strands ; within 
r^ cytoplasm photosynthetic food reserves are present as oil 


andas leucosin granules. The rhizoidal portion may be 
e or sparingly branched and is without chromatophores but 
contains 


mumerous nuclei scattered throughout the vacuolate or 
nonvacuolate cytoplasm. 


Repreduction—Botrydium reproduces both asexually and sexually. 


1, ASEXUAL REPRODUCTION takes place by the formation of 
aplanospores, hypnospores and biflagellate zoospores or swarmers. 


h JOE «3 
ESCAPING ZoOsPOREs G^ 


4-1— Botrydiy, 
m sp. A—Enti 
Or aplan ire plant show; 
Spore or coenocyst LOTES formation in pons Vegetati 
of zoospores, Fg etmination of acae Zoids, C— Si tructure, 
Irc yim 
: ay a 
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During unfavourable condition when th 

soil, the entire protoplast of the vesicle misti tA the thi 
divides there into a number of uninucleate or multinuc 
serially arranged segments, each of which rounds up am 
a wall forming a globose or ellipsoid coenocyst or aplano. 

aplanospore germinates directly into a new plant. Apla osp 
become thick-walled resting spores called Aypnospores. So 
hypnospores are formed in the aerial portion of a cell and ai 
uni- or multinucleate. In other cases all the protoplast of tl 


of multinucleate and serially arranged portions, each of wh 
a hypnospore. Rarely, a simple hypnospore may be formed 
tip of each branch at the rhizoidal portion. Multinucleate | 
pores germinate producing a number of biflagellate ) 
a number of aplanospores.  Uninucleate hypnospore: : 
germinate directly into new plants. In some species (B. tul 
formation of thick-walled, rounded and swollen structu 
cysts or tubers takes place at the ends of the rhizoids. 
develop directly into new plants. 


Formation of zoospores or swarmers takes place when 
are flooded with water or submerged under water. The 
of the vesicular portion of the plant body divides repeat 
numerous uninucleate protoplasts, each of which ultimately b& 
metamorphosed into a pyriform or pear-shaped zoospore 9e 
two anteriorly placed flagella of unequal lengths. | t 
zoospores takes place by the gelatinization of the apical 
the wall of the vesicle. Each zoospore finally develops. 


plant. 


. SEXUAL REPRODUCTION may be of isogamous or a 
wea (Moewus, 1940). Botrydium is homothallic, a few 
be heterothallic (Moewus, 1940). Formation of mper 
vesicle and their liberation from the vesicle take P 7 
similar to those of zoospores. 


ith or without an eye spo: ; 
chromatophores, Wo unequal lengths. Fusing pairs 


anteriorly placed flagella of une eng. and then fuse la 


lobose zygote. Zygote ! , 
bii ot Ne In homothallic species, eS no info 
yet been published est mejosis of the Zzyi 

ic species, 
Lin er pie of $ biflagellate hap 
formed, each of which after escapè from t 
into a new plant (Moewus, 1940). 


i t 
Parthenogenetic development ol 
has bien reported by Moewus (1940) in 


into vegeta 
of gametes into Yes 
Some species. 
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^ Ufe M vs jescent zoospore 


h Qui 
26 

yet í Asexual Cycle 
 Zoocspores (a) 
uk e i | 


Zooponingium————P lant body (n) E= 


E 
- | | | Sexual Cycle 


- .-  peogamete(n) meiosis? Tsogamete (n) 


Zygote (20)«—— —— — 


body i.c. thallus is coenocytic. Itis differentiated into a globose 
L shaped aerial portion and branched underground rhizoidal portion. 
- (3). Photosynthetic food reserves are oils and leucosin. 
‘Asexual reproduction takes place mainly by biflagellate zoospores (also 
d beating two flagella of unequal lengths; it also takes place by 
imation of aplanospores and hypnospores. 
Usually the sexual reproduction is of isogamous type, in some species 
 anisogamous. Like zoospores, gametes are biflagellate with unequal 


Indian species — Botrydium tuberosum ; B. divisum ; B. granulatum etc. 


tu 


Or diatoms constitute a large class 


f 1 
in fresh- and salt-water. ie aplat aid 


+ Cells are either 


two overlapping halves (or valves i 
l-box or like the two parts of a ie i Sary 


y shaped i 
characteristic. yellowish 


M ) to ihe ane 
f photosynt] 'hetic food r 
ype also 
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4.4 General account of Bacillariophyceae : 


OCCURRENCE— The living* genera of diatoms are found | 
both in fresh- and salt-water as well as in damp moist pla 
genera growing in both fresh- and salt-waters usually | 
species that are strictly fresh-water and others species st 
water ie. marine. Most of the fresh-water species appel 
plankton of open water (euplankton) or as free-floating) 
living near the shore and intermingled with other 
(tychoplankton) forming brownish films on pool and strea 
some species are periphyton i.e. they are sessile and att 
growing over submerged plants, often at the water le 
emergent plant. Some species are also aerial in hab 
grow on brick work, rocky walls, dry cliffs, among 
the bark of trees as brown gelatinous masses. Some mai 
occur affixed to rocks or as epiphyte on other filament 
the larger thalloid alge of the sea, sometimes com; 
the host substrate ; other marine species are strictly plan 


STRUCTURE OF THE VEGETATIVE Bopy—Diatoms are co 
single cells i.e. they are unicellular. Some genera occur a: 
(but as such they are not regarded as multicellular plants) 
chains or adjoined in mucilaginous colonies. ` Exampi 
forming diatoms is Licmophora, chain forming diatoms 
cymbella—this diatom has slimy tube. 

Diatom cells are delica beau 
exhibit various structures and forms—hence diatoms 
called the *jewels of the plant world". The cellsare €i 
or bilaterally symmetrical ; they may be circular, oval, 
wedge-shaped, disk-shaped, curved or straight rod-like. 


The cell wall is often known as shell; this cell wai 
consists of two overlapping halves or valves, one 0: 
other like the lid of a pill-box or like the tod 
Both the valves i.e. cell wall or shell alone and the 


contained protoplast (i.e. cel 


a flange Or 
hypotheca are 
WP hence the c: 


" — 
— 1A good number of foss 
are also known. 


i| diatoms comprising n gene 
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of siliceous materials t cell walls diatom cells exhibit bis aa), 
on he > 

the walls e.g. groove-like etchings striae), 

rows of pits (puncta) or small outgro ( l ). nera ly 

wths (areoiae Gene 1 the 


i ition 
ighly silicified. Due to irregular depositi 
cells are highly 
f 


'Hypotheca 


Epitheca 


Nucleus 


sa V-shaped groove 
lower pper arm of the ‘y’ 
ver the inner fissure. 


Generally the r 
axis of the valve wall ; sometimes it oc 
be lateral to the medi 
or 


the va a gin 
of n line. I he he mar 
lves. 


-508 STUDIES IN BOTANY 


structure is also noted in the cent 

re of the ra 
nodule. When the central nodule is laterally M 
a stauros. Polar nodules and central nodules are genera 
among the members of the order Pennales. 


Within. the cell wall there lies a thick layer of cytop 
form of primordial utricle surrounding a conspicuous central 
Within the cytoplasm one or more (depending upon th 
discoid, stellate or irregulary shaped chromatophore 
(Prescott, 1969) or without pyrenoids are embedded. Th 
brown colour of chromatophores is due to the presence 
xanthophylls such as fucoxanthin, neofucoxanthin, diatoxam 
diadinoxanthin in addition to chlorophyll (chlorophylls-a an 
carotenes (8- and c-carotene). These xanthophyll and @ 
pigments cast a golden-brown hue to the diatom cells a 
pigments are commonly and collectively called diate 
cell contains one ovoid or spherical nucleus embedded it 
cytoplasm or the nucleus is suspended in a cytoplasn 
the centre. Fats are the main photosynthetic food 
accumulate as large droplets either in the cytoplasm 0 
.chromatophores. Other photosynthetic food reserves m 
leucosin (von Stosch, 1951), chrysolaminarin and volutin (P 


1969). 


MoveMENT—Most of the free-living and some of thee 
pennate diatoms have the power of spontaneous moveme 
that have a true raphe may exhibit characteristic gliding m 
caused by streaming cytoplasm, by circulation within the ra f 
by the extrusion of mucilage. Movement of diatoms a 
„estimated to be from 0.2 to 25 microns per second š 
Movement takes place when cells are in contact vi 
with each other. In one active species e.g. Bacill ‘aie be 
ribbon-like band of rectangular cells slide back ee Ç : 
another, drawing the ribbon out laterally tos i car 
direction and then back and out again 1n the ot d : 
mechanism of movement is involved with m MET rs 
into the raphe. According to recent ey me : 
from crystalloid bodies and from bundles o : dire 
raphe. After secretion, the mucilage icr 
raphe in a direction opposite to that in wl m moval as hor 
is set up. Movement may take place vertica y ae dia (a 
over rough and granular surfaces. More er». 
place by a series of jerks along the longitudi i tae 
has moved forward for a short distanca E rd 
and then, with the same jerky, 910507) has postulated. 
nearly the same route. Muller (1 g the. mA 


n i o explai Ç 
of cytoplasmic streaming t : (ie. streamin, 


According to bee 
r currents set up r gie 
d nnus established in the region of the polar n i, 
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Reracoucrion— 


tatively by cell 
Teproduce vege ll increases. 
division —The diatoms t of the mother cell incre N 
O to 
sine pushing a m 


the progressive diminutio: 


n in size of frustules 
divisions and cell generati. 


ons of a diatom. 


Portion (daughter Protoplast) being retained 
valve ie. one of the daughter protoplasts lies 
Parent cell wall and the other within 


daughter Protoplasts become disengaged 
ghter protoplast now Secretes a new half 
just fitting into the Old half wall. The 
is always the hypotheca 


of a daughter 
the old half Wall recej 


descendants 
line be 
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ie the nm Of these auxospores those smaller cells 
eir normal i.e. original size. Auxospore formation 
regarded as a method of returning the diatom to its origi 


.2. Auxospore  formation—Auxospores are speci 
rejuvenescent cells. Auxospores are formed by 
escaping from separated wall sections of smaller ce 
wall, either smoth or ornamented, is formed arow 
protoplast which then assumes a dormant stage. 
tion, a cell of normal size is formed. Among most pen 
auxospore formation is associated with the sexual ` 
ie., auxospore formation results from the gametic um 
auxospores are zygotic in nature, sometimes they area 


i i i A—G) of the 

ig. 4.4—Diagrams showing the different stages (. i 

" 4 a- fen dcos by the conjugation of two E or fase) 
Redrawn from Smith (1955) after Geitler, — 


i ic diatoms, for ` 
: enogenetically. Among  centric VE 
Leer were thought to be formed ain E š 
undergoing any sexual process, but be ne d 
division in connection with their formatio j 


the «auxospores of centric diatoms are also zygotic 10 ! 


i diatoms 1. 

ospore formation in Pennate 

Fil ge y Pennales—ln this re mr 
takes place as a result of conjugation an wr 
may be formed in. Me tuin | 
i cells conjuga | : 
(i) by oujagating to form two auxospores; \ 


| 
| 
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becoming enveloped in a common gelatinous envelope, but each 
giving rise to an auxospore without conjugation ; (iv) by a solitary 
one auxospore and (v) by a solitary cell giving 


| 


producing single auxospore by the first method 

B uni cells or M be two that are not derived from 
à common parent. These two cells are enclosed by a common 
envelope and they either lie side by side or lie end 

end. The nucleus of each cell divides meiotically into four 
baploid nuclei, of which three nuclei degenerate and the surviving 
enlarges. After this the protoplast of each cell escapes from 
walls and unites in pairs to form a zygote in which the 
haploid nuclei fuse to form a single diploid nucleus. The 
r then enlarges to form an auxospore, whose long axis 


long axes of the empty frustules of 
pty of the 
This diploid auxospore develops into a new vegetative cell. 


(ii) : 
come Producing ty, 
° close to er, lie side by S 
lope 


- The 3 
Protoplasts je, pan plast 
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divides meiotically into four (two larger and two si 
nuclei and two of the four haploid nuclei dege 
cytokinesis into two gametes; in some species, tW 
haploid nuclei degenerate after cytokinesis. The 1 
(which may be equal or unequal in size) formed by a cell 
unite with gametes of the other cell instead of with ¢ 
In most cases both the gametes of a uniting pair 
and their union takes place midway between the p 
less frequently, one gamete of a uniting pair is amo 
other immobile. As a result of the conjugation 
sets of gametes, two zygotes are formed. These z; 
into auxospores which are generally longer 
cells. i 
(iii) Auxospores formation according to third 
place rarely. In this type, the parthenogenetic de 
diploid gamete into an auxospore takes place. The two 
side by side, become enveloped by a common gelatinous 
The nucleus in both cells undergoes meiotic division f 
the formation of four haploid nuclei; of these, two 
after the first division and the other after the secon 
degenerate. The remaining two haploid nuclei in e 


A 


i i tic formatio 
ig. 4.6— Diagram showing the parthenogene! à 
pb eec in each of two conjugated cells of beg 
Redrawn from Smith (1955) after Geitler. 


iploi hus the c 

i rm a diploid nucleus, and t y 
ex w S avi a diploid nucleus forms a gamete—this £ 
ws directly into an auxospore. 


a diploid nucleus develops 


Life Cycle in Pennate diatoms :— 

eh ive diminution 

i — — Progressive dim! 
v ge oe cell division vegetative 


B 
germination 


after 
—Gametes ( 
dei 7) (2n) Ded 
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[7] formation in Centric diatoms i.e. among the 
members of the Centrales—Among centric diatoms single auxospore 
| formed by an old or by a recently divided cell. During this 
with - growth of the eres the two valves are 
apart ; exposed protoplast swells, becomes rounded 
and quien ultimately into two new valves. The auxospore 
^3 Í remains attached to the walls of the parent cell 
a little period and subsequently germinates into new vegetative 
=p ee. This type of auxospore formation was 
dex r$. 
(f In some marine planktonic species, fi i 
LL. , fo z 
| related to auxospore Reotution: fer eria Posee y 
some According to species, th i d 
from 4 to 128 in each e and. they pea : eh HY sheiotio 
l : á are formed by meioti 
` these microspores we ic 
s BEN Medics Dave confirmed that (boy tre soie oie 
cora med that they are motile male 
: aed ma! eres are uniflagellate, they 
Of another cell (ie. female cel) fn which woe with, a 
mo ve. cell) in which meiosis also has 
perform as a non-motile femi nace i disintegrate, 
type of reproduci amete (egg or ovum) 
zygote is Goud iat I iubeo is ating of 
zx Po ch subsequently develops 
ia oogamous union of ga 
3 Biddulphia, Isthmia et £ metes has been demonstrated 
i 
| 
K 


Meiosis 
fusion 
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(iii) Statospore formation in Centric di 

. . c de 

tion of thick-walled spores called bribe c 

on cysts) takes place within the cells of some centric diatom 
e formation ofa statospore, the protoplast retracts. 

walland then secretes a new wall composed of two i 

halves, thus forming a thick-walled statospose. 3 


Life cycle in Centric diatoms (Melosira, Biddulphia 


Vegetative cell (2n) «- —1————* 
(= male cell) Vesti II 
By meiosis On 
germination 


Microspores (n) 
(=Antheroroids) 


Auxospore (2n) 


— om <—— — 


(2n) 
( as a result of sexual fusion, oogamous type ) 


Classification—The Bacillariophyceae (diatoms) has bee 
fied by Fritsch (1935), Smith (1955), Prescott (1969) and 
two orders or classes as follows : 
atoms)—Diatoms of th 
ic wall markings, 
al, trian; 


are formed. In this 
consequently auxospores are formed. 


Centrales are most 
Biddulphia, Chaetoceros, 


II. Order Pennales (Pennate dia 
elongated and the ornamentation 
are fusiform, needle-shaped, , lunate, 
shaped ; they may be symmetrical 1 
ín girdle view. Valves are s i HE 
Each cell contains one or two chromat 
formation takes place, either by conjugation or byP 
Statospores and microspores are not formed. uil 

Pennales are more eoe in fend juries 4 
tonic and benthic. Important gene” : $ 
Cymbella, Pinnularia, Navicula, Campylodiscus etc 

Economic importance 9 


i :etue of their'occurrence e 
pe panim rtant part in human economy. 


they take à 
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i il) and for its 
n red food (mainly oi a 

CITROEN op rere of ther 
Lj" (along with other algae) con nS otter 

—— d other aquatic animals. dn 
site fod p n is that they take up and store fe giving 
Pees See nental shelves. Water from the ca eae 
prises bearing silt into the sea; mu V san 

E v if allowed to settle in the bottomless dep s 
rj rer trap all such essential elements and keept m 
de cooper ie distinct service in one of the 
m f ere " halibut-liver oil and its vitamin a 
on sic idigien lly stored in diatom cells, next activated by 
2 eylen ultimately passed along through food-chain to become 

concentrated in fish liver. 


When ir siliceous and indestructible walls or 
rnm fall way pation of the water in which they occur, 
so there accumulate large deposits of these diatoms shells 


oped by shovels, The 
material is known as diatomite or Kies varies in 


the danger of secondary explosions when 
dusts in large amounts are thrown into the air by a 
explosion. At one time, 


highly explosive 


re of dynamite 
earth has numerous uses in industry and 
Commerce ; a few are : car and Silver polishing Powders ; i 
D for steam pipes and blast furna 
refi 


j S and gutta percha ; with 

Orm switch and fuse oxes ; manufacture of r 
(sodium silicate) ; cleaning agent for fluids ; i and iiam 
other commercial 


Among fossil diatoms ther 
„dig e are 1 
Foni g Prescott, Y wet majority. Of these are cong 
Sand deposits are e i: 
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such deposits may be hundreds of feet thick a 
length. Studies of diatomaceous strata aid muc 
ing climatic conditions, succession of changes 
conditions of the remote past. 


Some Indian diatoms are :— 


Centrales :— Melosira jurgensii ; M. varians ; Coscinopise 


Pennales :— Pinnularia graciloides ; Neidium gracile ; Vay 
loides ; Cymbella affinis ; Eunotia pectinalis var. neglecta etc. 


> 


‘cuarrerv Phaeophyta (Brown Algae) 


G.1 Distinguishing characters of Phaeophyta : 


1. The members of the division Phaeophyta are mostly marine, fresh-water 
members are extremely rare. 


| 

| vegetat is always multicellular and generally of 

BL size ded AI sem d ranges from filamentous 
(Ectocarpus) to complex types. 

| 3. The cells are provided with distinct walls; the cell wall is differentiated 


outer ion and inner firm portion. The outer portion is com- 
} of gelatinous y pectic materials, the inner firm portion is composed of 
cellulose, 


4. The protoplasts of vegetative cells have a central vacuole, cytoplasm in 
| the form of primordial utricle, a definite sin 
h chromatophore. 


gle nucleus and more than one 
Pyrenoids are absent in the chromatophore, 


5. The members of this division are commonly called brown algae because 
majority of them are darkly coloured ; 


; this is due to the Presence of yellowish- 
broen pigment called fucoxanthin (a kind of xanthophyll), other xanthophylls and 
#-carotene in addition to chlorophyll a and chlorophyll c, 


Chlorophyll and 
Carotenoid pigments are masked by yellow-brown pigments and other 
xanthophylis, 
$. The reserve food material i, e, the product of assimilation is not starch 
Complex soluble carbohydrates e. go i inarin. Sometime 
oe e. 2 » Sic e.g., mannitol and laminarin, Sometimes 
7. Motile ive cell i i 
4 5. whether zoosporic or tic i 
pyriform Le, pest P V $ gametic in nature are 
| -shaped Provided with tw, 
which is the rinse type Le. hairy along the whee iene inserted flagella, one of 


; Sexual reproduction may be of 
9. 


| In the life Cycle of m i 
Á any genera, there is 
*porophytic and gametophytic Benerations and 


1 5.3 General account of Phaeophyta : 
The name of this divisi 

Thor we oat a 
z f 

more than 1,000 s n Phae 


an alternation of -livi 
which of free-living 


May be isomorphic or 


ans swarthy Plants because maiori 
> orit 
5) [oured, Chocolate or olive-browr. 
or 240 (Prescott, 1969) genera and 


ter bein very 
iem Water plant Le. found ov there are a 

= Bae are littoral in € found in tropi 
marine species o Or s Ore-inhabitin . OPical seag, 
StOW attached to Tocks, reefs ar to Quit o A 
imate 
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substrates, while few other species occur in association 
: A 
algae, either as epiphytes or endophytes. ` 


VEGETATIVE STRUCTURE—There is a great  variatii 
vegetative structure of the adult. plant from genus to ge 
vegetative body is always immobile and multicellular, eithe 
form of microscopic branched filaments or with a more: 
macroscopic parenchymatous organization which is 
definite form and is tough, leathery or rubbery. The 
only a few cells in extent or may be25 to 30 meters 
giant kelps. The mature plants of both the gene 
either amorphous or of definite form. Thalli having € 
are generally differentiated into a holdfast and an ere 
erect aerial portion may be simple or branched, solid 
tubular, spherial or compressed. Among kelps (Fucus, 
maximum differentiation of the thallus i.e. plant body 
vascular plants is noted; they have root-like holdfast 
arises a simple or branched stem-like stipe that bears one 10 
leaf-like blades, some of which are several meters in ` 
stipe may be short or long and is very flexible. The 
consist of a number of fine root-like structures (Dictyo 
thick and knobby haptera (Laminaria). Some forms exi 
trichy in which there is both a prostrate and an erect p 
thallus. Thalli of Fucus, Laminaria etc. are internally dil 
into (a) a surface epidermis, (b) central medulla, 
elongated cells which lack chromatophores and (o) | 
cortex composed of more or less isodiametric cells in 
lying toward the exterior contain chromatophores. tee 
thallus takes place in a number of different WAT nie 
it is by an apical cell(s) or an apical meristem. fil oa in 
of many Phaeophyta is a branched  uniseriate heal 
cell division is intercalary ; growth by the air 
meristem of such an apical filament IS said to 


growth. 
Cells of brown algae have a d 
into an inner firm portion ma 


i ic material and includes 

e of gelatinous and pectic ma a 
por: as lgi and fucoidin. The protoplast d 
contains a single definite nucleus, a central v 5 


rimordial utricle and more than ong 
Pei ree are either disc-shaped or band EN 
irregular outline, rarely stellate. sa a pel whitish 
but they may contain one or more irregularly ‘bly waste P 
N nules. These fucosan granules are pos we 
metabolic processes within the cell. Under el aye. 
ehr matophore has shown that there € d 
ipid globules between three sets of bands. 


J] 


finite wall which is I 
de of cellulose and an ot! 


[ 


ich fucoxanthin (C 
contain several xanthophylls, of rto Mere 


ins i imum quantity ; in es 
mn, as chlorophyll 4, chlorophy 
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e-carotene i i lso present ; all 
flavo i thin and lutein are a ER 
thee pigmen am rne m fucoxanthin, a speci 
Due to tbe 4 z fucoxanthin, the Si doi de a 
ish- in colour. Foo sa 
look co ce ovra e.g. laminarin (a group » oM 
o) and mannitol (a hexahydric nee d SÉ 
Le fat-like substances are also stored as e Red. 
zd iiie and more peculiarly iodoamino acid ; 
re ber fecosterol (Prescott, 1969). 


Reracoucrion—Reproduction in brown alge takes place vegeta- 
tively, asexually and sexually. 


tation of the 

egetative reproduction takes place by fragmen : 

Pa, B my take place either a s young onat eae Ha. 
tached i tically into sev 

map masa poma i Ap co taii such gan a VPN Of 

from a single individual. Ve 

acre ag bi + AW opo by detachment of fragments that 

float away and develop into new individuals. In some plants e.g. 

vegetative reproduction may be due to the formation and 

of special reproductive branches called propagula. 

Asexual reproduction takes place in all members of brown alge, 
except the Fucus, by the formation of either naked zoospores or 
naked a Tes. Zoospores are biflagellate with two laterally 
ined lait cr unequal length, these are produced in both one- 
celled 


i mitotically into 4, 16, 32 
ter nuclei ; then cleavage into uninucleate protoplast 
nally each protoplast is 


: d "qHamorphosed into a 
Zoospore or into a non agellate immobile a lanos- 
Pore. Each zoospore or aplanospore germi i X 


: The zoospores roduced by pl 
on the other hand are diploid” ati 
Tise to n 


Ñ Ch plurilocular 
multicellular Structure ; the uninucleate Protoplast T ee 
with undergoing Meiosis, ig di we 
a diploid biflagellate n 
9n germinati 
In sexual reproduction 

l the P. 

isogamy, anisogamy and Oogamy, 
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takes place by the union of two motile gametes of equal 
anisogamy is the union of two motile gametes of unequal si 
iso- and anisogametes are produced within the multic 
plurilocular) gametangia whose development and mati 
are identical with those of their neutral sporangia. ` 
cellular gametangia are always borne on haploid gameto; 
which may be either homothallic or heterothallic. In some m 
of brown algze, the sexual reproduction is of oogamous! 
is effected by the union of a small active flagellate mal 
called antherozoid with a large passive non-flagellate fem 
called egg or ovum. All the known gametophytes are 
The antherozoids are produced within the an i 
antheridium may be unicellular or multicellular, the entire p 


produces 1 to 8 oospheres or eggs within it. Fertilization 
place either when the egg is retained within the oogoniun 
the egg(s) are being discharged from the oogonium or 
being extruded from the oogonium but remain still attac 
apex of the oogonium. 

ALTERNATION OF GENERATIONS— Most of the members 
alge possess distinct, either isomorphic (in which gam 
sporophyte are alike in morphological structure) i e 
(in which plants of both the generations differ mark s y 
gical structure) alternation of asexual diploid sporop m ( 
haploid gametophyte in their life cycles. „The ees 
after fertilization, without undergoing melosis, Pee pi 
diploid individual i.e. sporophytic plant body which may 


e the haploid individual i.e. gametophytic plant. Th 
tert i.e. Dgoropiote produces plot D 
called zoospores or aplanospores (within gee ee p 
of which on germination gives rise, to a v men 

c generation is annual o pe 
tion is annual only. 
s of Phaeophyta, 
Reduplication 


Sometimes, s 
loid neutral spores Z 


either generation ha 

generation mainly ta il arral ai houlat) 
l spores are eutr wes 

Pesos d of such neutral sporangia IS gener 

eduodon in number of unilocular sporangia, 8 

Sie piete suppression of unilocular sporangia. 

Sporophytes by means of neutral spores may 

be throughout the year. 

in these genera pro 


ic generations." 
senta dwarf stage called ple 


i utra 
Sometimes ne dalli T 
d m 


i filamentous : a 
fate resemble gametophytic Rive! Noe er 
zoospores. It has been observe Ee 


: ICA 
mothallus often develop into a typica 
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termed a protonema, but according to 

(1945), Papoatess (1951) and others such a distinction should 
Plethysmothalli of almost all the Phaeophyta are 
during the winter, and they frequently bear neutral 
and sometimes unilocular sporangia. Reduplication of the 
generation takes place by the parthenogenetic germinat- 
but this type of reduplication is of much less 
There are some other brown alge (e.g. members 
) in which there is an alternation of many-celled 
) dipliod generation with a one-celled (unicellular) 
which is represented by gametes only ; in this type 
palce during the formation of gametes in the 


li 


i 


i 
| 


H H 


types of variable life cycles among the members of Phaeophyta 
ās follows (according to Prescott, 1969) : 
7 fa) An alternation of diploid and haploid generations which are morphologi- 
similar (isomorphic alternation) ; gametophytes produce  isogametes or 
This type is found in the members of Ectocarpales (there 
may be variation in phycus) and Sphacelariales, 


(b) An alternation of similar generations (isomorphic) but th i 
beterogametes, egg and sperm. Seen in Dictyotales, REG) Senet 


r Alternation of morphologically dissimilar (hetero i i i 
morphic) generations 
wl the pm is small and the gametophyte T 


domi i 
" among the members of Cutleriales, tant: producing 
.. (d) Alternation of generations i 
š morphologicall: issimi i i 
i is dominant “and the IP Hara ally dissimilar in which the 


fe) Seen among the members of Chordariaes (recessive) Producing 

Alternation of a dominant s 

gametophyte producing porophyte (heterom i + 

t TER and sperm. Seen among ua sad cm 
(f) No true alternation, but with a di 


members of Fucales. © act as gametes (egg and 
Different types of alternation : 
of Phaeophyta mày be shown n i gererations among the members 


the following table 
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MON—Fritsch (1935) classified the class Phaeophyceae into 
[ and 


'ocarpus. . Tilopteridales e.g. Tilopteris. 
oa t dta = Sporochnus. 5. Desmares- 

ix 6. Laminariales e.g. Laminaria, Macrocystis. 
eg- Sphacelaria. 8. Dictyotales e.g. Dictyota. 9. Fucales 
Poest. 


(1933), Papenfuss (1951), and Smith (1955) have classified: 
into three following series :— 


ae with an isomorphic alternation of generation. 

Contains 5 orders viz. Ectocarpales (e.g. Ectocarpus), 
i (eg. Sphacelaria), Tilopteridales (e.g. Haplospora),. 
(e.g. Guleria) and Dictyotales (e.g. Dictyota). 


ratae with a heteromorphic alternation of gene- 
Class includes 2 subclasses e.g. subclass Haplostichineae 
. Subclass Haplostichineae contains 3 
as Chordariales (e.g. Myrionema, Leathesia etc.), 
(e.g. Sporochnus) and Desmarestiales (e.g. Desmarestia). 

ineae contains 3 orders viz. Punctariales (e.g, 
phonales s. Dictyosiphon) and Laminariales- 

c. 


-Je'osporeae in which there is only a diploid generation. It 
A order Fucales having important genera such as Fucus, 


brown algae are given the rank of a division (Phaeoph 
i ta 
and Papenfuss, so the above three series are T the pu 


cot (1969) also classified the phylum Ph 
Cycle type, into 2 subphylum such as. acophyta, on the: 
Phaeosporeae :— 


lsogeneratae —A 


Metilition of 3. 
It contains 5 Thation of similar 


generation in the- 
orders viz, E 3 
and Tilopteridales, ^ Pales, Sphacelariales, 
S Heterogeneratae—Alt s 

ts contains 5 o i ernation o; 


i f dissimilar e 
S viz, Chordaria] P ce 
Dictyosiphona les and Laminariales, ; Sporochnales, a 


Some members of 
Phaeoph ta 
minaria and Alaria a kind ab food 
a standard food in 
Ë ith fish and meat 
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making ice cream, and also in the ma 

artificial silks. Some kelps e.g. Fucus, pee 
are the sources of commercial iodine, while Nereocystis, à 
Pelagophycus etc. are important sources of potassium or | 
Sargassum is also used as fodder, some others are also fe 
Some of the brown algae are used by farmers, specially 
Europe, on their fields to fertilize the soil. In America, 
of the stalks and bladders of Nereocystis called “seai 
of candied citron. 


PHYLOGENETIC RELATIONSHIPS AND EVOLUTION OF PHAEOP 
The characteristic metabolic features of Phaeophyta are so ¢ 
that they do not appear to be related to or derived from 
(Smith, 1955). According to Pia (1927) Phaeophyta f 

represent a series of considerable antiquity, but und 
members of the division have not been found earlier than 


The presence of motile reproductive cells among Fuse 
indicates that they arose from a unicellular flagellated an 
All the present day Phaeophyta are multicellular and there" 
known connecting links with the hypothetical unicellular f 


ancestors. In many ways the Phaeophyta parallel the Chio 
in body type and in methods of reproduction, 8^7 
Phaeophyta have evolved multicellular sex organs anda h 


of vegetative body. There is a marked differen! 
holdfasts, stipes and blades. Often the apically gro 
parenchymatous and differentiated into epidermis, cortex ant 
as well as into a meristematic region. Some of the me 
Phaeophyta are not far below the primitive vascular 
organisation. Inspite of their high degree of oer 
Phaeophyta have not given rise to any higher group aH j 
According to Smith (1955) two divergent series * à 
early in evolution of the Phaeophyta such as one with 
alternation of generations and the other with 


i ressive eV! 
l tion. In both series there was a prog c 
opiy to oogamy and in both of them thallus struct 


, complex gradually. 
Cyclosporeae rep 
the origin o 


without a free-living Ë: 
although several views 
ccording to Kylin 


oreac M 
cre free-living sporophyt 


tin 
: Sais hold that Cyclosporeae arose by hes pe 
etophyte to a one- 1 
game led female do py (1955 ) ay naris orena 
is view. According i j r 
Lacie opii of a multicellular pna e o 
| — reduction- this took. PU ad of developing into 
sporangia functioning 
phytes. 


525- 


ALGAE—PHAEOPHYTA 


B—Transye 
TSE secti 
ugh medulla of Ta the blade. 


Plant body. 


to the family Laminariacee of the order 
A Ac 
tudinal section thro 


nder the class Heterogeneratae of the division» 
Sp. 
gi 


belongs 
u 


gym 


5&3 Stracture and Life history of some typical Brown Algae : 


A. LAMINARIA 


Laminaria 
Laminariales 
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Occurrence :— Laminaria is a i 
' 2 rock-lovin which v 
20 species occur in the sublittoral or in the pem ) 
growing in relatively deep water just offshore, speci: a 
Atlantic and Pacific coasts of the U.S.A and the Brit 
iae de od of Laminaria, except one are . 
phytes. The species of inari y) 
Vini adici p of Laminaria are popularly 

Species of Laminaria are known as *kelps' to the indust 
those are used as fertilizers, food and source of iodine.  . 

Structure of the Vegetative body :—The thallus ie. th 
body represents the sporophyte which may be 6 or mot 
(15 m. in L. farlowii) in length and is differentiated extern 
three distinct parts such as simple or branched t- 
stipe and blade. 

(1) Holdfast: It may be a solid disc-like 
simple), but usually it forms a system of forked root- 
called haptera. 

(2) Stipe: 
either cylindrica 

(3) Blade: 


It forms the main axis of the sporophyte y 
lor flattened, and always unbranched. | 
The single blade terminating a stipe may, be 
or incised into a number of segments—the surface may 9€ 
or very much convoluted and leathery in texture. 
Growth of the sporophytic plant body occurs a 
meristem, which is situated at the junction O 
the blade. 


Internal structures : : pE 
Anatomically both the blade and the stipe ee differen! 
to three distinct regions, e.g. epidermis, cortex and m 
axis). However the transition fro 
gradual, not abrupt. we . 
(1) Epidermis of Meristoderm : It is t e i 
osed of one Or more ° p 
poder chromatophores and is covered externally by mu 
Function—assimilatory- : 


(2) Cortex š 


t the int 


Inner cortex co Pt d 
Medulla: It is compose o , 
M A (hyphae-like) which lie close to On ano 
medullar filaments extend tranova dn 
probable strengthening evices. e 
.certain filaments have cells which elong 
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these elongated cells swell and widen at the cross walls to form 


jamerous pores the 
e found over the transverse wall of 

onan cells through which the protoplasts of the adjoining cells are 

connected and they are comparable to the sieve tubes of vascular 


Function of trumpet hyphae is not known. According to some 
rae Raid takes place and according to others 
they act as either storage organ or support. 


NEU TN plantis reproduced by asexual and sexual 


1. ASEXUAL REPRODUCTION— 


b Tt takes place by the production of zoospores. Towards the end 


a Season, unilocular sporangia are formed in widely 
on both surfaces of the blade. 


I 


—an upper and a lower ; the 


ictures arise fro 
ieitial cell m the same 


i Paraphysis 
is covered at the top by a 


mucilaginous cap. 
mucilaginous caps of all 


‘es are held firmly 
; keeping the Sorus intact, 
The single 
unilocular sporangium 


meiotically and followed 
one Mitotic divisions 


-sh: x. 
nequal Sue S biflagellate ZOOSpore 


Um dissolves 
om a spon the sporangium, ‘The S ANd the m 


n he mass of ature zoo 

is Sium remain: Of Zoospore: 

as it exudes S enclosed b; s 

. minute or me cathe Paraphyses, a ha the D s gelatinous sheath 
dissolves leaving the extrusion b 
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After swimmin 

g for a peri 
rounds up, secretes a wall aie cach: ion 
germ tube. it and germinates p 


Zoospores on inati ! 

Z a germination produc lan 

tele aero) neta Hi 
Ke y 

into female gametophytic and pata 


Fig. 5.4—Laminaria sp. A—Male gametophyte bearing a! 
B—Female gametophyte bearing oogonium. & D-Yo 
and old sporophytes respectively. ` 


2. SEXUAL REPRODUCTION :— 
Sexual reproduction is of oogamous type. Both the g 


plants, formed by the germination of zoospores, are 7 
nature and few-celled structure, and the gametophytes ® 


rothallic (dioecious). 

Antheridium and development of antherozoids ie. 
male gametophytes are small-celled, simple Í 
structures. The male sex organs i.e. -antheridia arise 
groups at the terminal cells of the projecting filaments 
outgrowths from the upper side of the creeping Hl 

small and spherical in shape. 


antheridium is unicellular, 

The protoplast of each antheridium produces a single 
antherozoid with two unequal flagella inserted late 
liberation of the antherozoid, the male gametophyte dis 
Oogonium and development of e88 .—The female 8? 
sparingly branched an 
time of the dapat ° sane 
elongates vertically an its protoplast í 

r P with an antherozoid, the egg escal 


just prior to union 
ough a narrow pore 


it (i.e. the egg) remains 
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TEM d fuses with the egg 

, ozoid swims to an It of such 

si ached to Dua. BE a oon secretos a 
ion of oospore or zy 

fasion is the formation 

this membrane. 


ithout 
Germination :—The oospore or zygote, wi 
through cog epi begins to develop into a new 


Life Cycle : 
Laminaria plant (2n) 
(Sporophyte) 


^ 


~Unilocular 
Sporangium (2n) 


| By meiosis 
Zoospores (n) 


Male gameto- Female 
Phyte (n) gametophyte (n) 


Antheridium (n) Oogonium (n) 
direct 
Bonita Sozo (n) Egg or Ovum (n) 


By fusion | 
Ne T 
`Z 
Zygote (2n) 
niia apatia of generation distinct alter- 


generations, In this case the sporophyte is very dominant 
but the gametophyte is small Le. recessive. The Plant body ie 


S Clusters of diploid 


. he antheridium produ 


h tes y g forming a dipjo; 
Which on Eermination immediately x Pie linion 
Pant Paat Plant but not the gam ti e Sporophytic 
gen unilocular Sporangia, thus Laminayi, 
Jic alternation of a large 
#ametophytic generation’ Geom 
waft ene Lamina 
tic plant body is external] 

bate por also. internally gis nally dist 

‘edalla—thus ic pla 
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(2) Zoosporangia develop i i 
p in sori on both the surfaces of t a 
spores are pear-sha, i i ert 
fagella: p ped and biflagellate with two la i 
(3) Reduction division tak i 
Aa Bo es place at the time of zoospore 
.. (4) Half of the zoospores develop into male gametophytes 
into female gametophytes ; therefore gameto Phy ER RES hete oth 
gametophytes are filamentous and few-celled structures, The mal 
become many-celled before the formation of antheridia, The fi 
phytes are only 2-3 celled structures, they bear oogonia. EU 
_G) Antheridia are unicellular, from each of which only one | 
with two lateral flagella of unequal length is produced. 
(6) The oogonium is a one-celled structure which produces a sing 
(7) After the gametes are liberated the male gametophyte d sinte 
the female gametophyte still survives. 
(8) Sexual reproduction is of oogamous type. Fertilization 
place outside the oogonium but still remaining attached to 0080! 
(9) Heteromorphic alternation of generations is present in the! 


tance—Species of Laminaria, popuet e n 
f iodine. It is also the 
it is used as nd 


Economic Impor! 
kelps, are important sources o 
of a polysaccharide ‘Jaminarin’ ; 
fertiliser. 

Few important species of Laminaria : Laminaria digitata ; 
saccharina etc. 


p. FUCUS 
Fucus belongs to the family Fucacez of the order 
the class Cyclosporeae of the division Phaeophyta- E 
= f the species of Fucus are entirely - 
Qocurn e T abue P the sea coasts of temper 


d are widely distributed along 
Seti regions. They are attached to the rocks under 


: ° vikeT 
tween the high and low tide marks (i.e. 10 
fiut discoid holdfasts. They are commonly called bu 
i :— tive bod; 
Structure of the Vegetative body :—The bue 


i i dich 
lant i.e. sporophyte consists of flat 
Phboulike thallus which is comp d of three main 


osed o 
(i) Holdfast :—It is a basal flat discoid structure 
which the thallus is attached to roc 


ks and stones under ' 
(i) Stipe :—It is a relatively short, 


stem-like portion 


iii d or Wing :—It is th 
a ed, leathery, parenchymatou a 
but narrow expansion of the stipe. Thes 
more or less evident mibrib. 
lus : Í , 
Structures borne on the thal à Er 
(i) Pneumatocyst, Air-bladders or Ate ves filed 
provided with numerous hollow, bladder-like, 31 
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ir-bladders give 
along the dichotomies. These air-bla 
m in water. 
the thallus in 
buoyancy to 


| of the thallus are 
i ature branches o Era 
wal Lorie me lack midrib ane pre rum 
small ——— pe dpa or dot-like Epub S aee 
e li tioles) which lead into cavities, calle, 
opening: (i.c. 05! 


Fig. 5.5—A mature thallus of Fucus sp, 

The cells of Fucus are usually uninuc Ontain more than 

one chromatophores containing brown Pigment 

facoxanthin which masks the green colour. The chromatophores 
are Pyrenoids, 


leate and c 


is the outer- 
ed, small, Palisade-like 
the function is Photosynthetic, 
(b) Cortex =t is Composed of Several-layereg Close] 
. mucilaginous parenchymatous cells situated below the epidermia 8ed 
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It is noteworth A ; E 
sieve plates. y that in certain medullary cells the cross! 


Function :—Probably the conduction of food mater 


initiated by 
cell. Fouresid 
apical cell cuts 
laterally and 
cells provide 
growth, the 
is accomplished 
of the limiting 
ë toderm). 
Reproducti 
Fig. 5.6—Transverse section of a portion by Y 
of reproduces by 
icd pes of see sp. seruat method 
reproduction is entirely wanting. The Fucus plant is 
therefore represents sporophyte. 
1. VEGETATIVE REPRODUCTION :—It takes place by 
of the vegetative body. Sometimes adventitious bra 
over the stipe and which may form new plants after separa 
2. SEXUAL REPRODUCTION :— Sexual reproduction of 
of oogamy (i.e. the fertilization of egg by sperm) a 
Fucus may be homothallic or heterothallic. 


male and female sex organs i.e. antheridia an 
in the same conceptacle ; 


on the same plant, even : 
thallic species, the antheridia are borne on one plant 
are formed on another plant. 


Fucus plan 
(antheridia and oogonia) wit 
conceptacles. The apices of some of the branches Guns 

Med receptacles and t 


tion become swollen, ca 


hin some specia 


bears many m 
Some unbranched hairs, called periphys 
portion of a conceptacle, they do not bea 
in tufts through the ostiole of a conce 


A conceptacle may co 
ptacle) or antheridia only (cal 
different thalli ( in heterothallic species 
antheridia may be produ 
different conceptacles borne on t 


species). 
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Antheridium and development of sperms x— 


ipsoidal in shape, 

idia are oblong or ellipsoi > 

Tt gene in groups on specal; B ech 

` T oriy beens within the Ec Anthei B inre 

(ooo uam doen t p (outer firm layer called 
w 


Fig. $.7—Fucus Sp. T. s. of thallus thr 


‘ough male conceptacle 
owing antheridia, 


inner gelatinous layer called the endochite). The 
-— diploid nucleus of each 


ughter nuclei are form 


ic. Nuclear division is 
c by a Cleavage of the antheridial contents į i 
queen. Each uni 
Ç gay 


<<. 

T Fray gd mass of er eae escape within Vitam piace 
! Surrounding water takes place when "yatay is retooded b, o 
: Oogonium ang development 

ù iu female .sex Organs 


yeu 


‘in shape and are provided  E9nia are Oval or s 
ided 
Are produced among th hath one 


of egg :— 


Omewhat elli 
-celled hort sta] : 

he p aphyses withi a ae 

th i 
: tach Placle. Nceptacle Contain Severa] deme. : istics 
Sm Posed of 3 Dcentric layer >> be <. 
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mesochite and e j 
i ndochite. T. ; b 
its n içi hite. The o P i 
(ricus divider metal and His ou de ml 

; rm eight i ormed 
00 à ght nuclei. "me 
weeny kx into eight ken hu aay Š 
pe Seamer ntains eight haploid oospheres pis "Tm 
rupture of the SRONA ges into the ier T. 
the eggs are liberated. wall. The oogonium remains. 


s. of thallus through female conc 
showing oogonia. 


s by antherozoids t: 


Fertilization :—Fertilization of egg 2 
f the plant but 10 


ide the body oft 
in large number, SWIS v 


water medium. The antherozoids, 
motile free-floating eggs in water and collect around i 
g and fertilises it. 


one antherozoid penetrates one € 
iploid as usual) invests itself wi 2d 


y substratum upon which 
of Oospore :—The oospore germinates 
any period of rest. Jt does not UP 
but germinates into a new 


Fig. 5.8—Fucus sp. T. 


Germination 
without undergoing 
reduction division, 


dipliod. 

Alternation of generations : ] 
a peculiar feature, The plant body Le. 
though it bears sex organs directly, it 18 not a gam 
gametophytes of other Phaophyta. E 


—The life 
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x The Fucus plant is diploid (2n) and reduction division takes place ' 
the time of gamete i.e. egg and sperm formation. In other words, « 


vane 
; an N, 


f ki 
i & Y 
f f 
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In the development of oospore Le diplo 
and it continues in the somete cells of the Fucus th 
noted that the diploid phase does not produce a 
spores. Thus there is no alternation of haploid gan 
diploid sporophyte. This biological factor in case 


Vegetative fragmentation 
x 


Vegetative reproduction 


Sexual 
reproduction 


Oospore 
2X 
Fig. 5.10—Life cycle of Fucus sp. 


i i igher animal 
therefore quite comparable with the hig 14 
diploid aod lacks a haploid phase except for the gam 


i is he plant itself w 
orophytic phase is represented by t 
cam Y repreadtt the gametophytic p 
morphological alternation of generations 1n 


Salient features of Fucus :— 


1) The plant body is diploid. 3 3 pi 
a The sporophytic plant body is differentiated into 
o The thallus is provided with numerous air bladders 
up the plant in water. 


(4) The thallus 
ulla. 


(5) Asexual reproduction is totally absent. 
(6) Oogamous type of sexual reproduc 
i d oogonia are prese unis 

iffe A the same plant or 10 
» M iiferent nceptacle ico Fucus may be homothallic and 


is internally differentiated into a 
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i i, thero- 
ing the formation of gametes ¿e, an 
Redection division occurs during 
^ or oospheres are produced within each oogonium. An 
^- UEM ka fertilised by sperms externally in water i.e. outside 
oogonium t body. 
un d alternation of generations is absent, but chromosomal 
altersation of generations is present. 


Common Indian species are Fucus articulatus ; F. vesiculosus etc. 
€. ECTOCARPUS 


wn alga Ectocarpus belongs to the family Ectocarpacese of 
Coda pe under the class Isogeneratae of the division 
Phacophyta 


q. i Oe a ee 


Occurrence :—All species are marine and world-wide in distribu- 
tion, they are generally found abundant near the sea shores specially 
along the Atlantic coast. Ectocarpus grows as a ‘hank’ of yellow- 
brown hair, generally highly branched on rocks and on other algae as 
epiphyte. The thallus remains attached to the submerged substratum 
by means of rhizoidal branches arising fi 


tom the prostrate portion. 
Structure of the Ve 


s- thallus is sparingly to profusely branched, with the cells oined end to 
- ina single series. The whole plant body i. edi i 


i . In some species the 
mucilage hairs. 


pus are semi-oval to rectangular in outli 
Surrounded by walls com <a 
m. y b Posed of cellulose and pectic substances. 


er a few band-shaped 


Teproduces 
l. ASEXUAL REPRODUCTION i 


= : 
zoospores pr Lia sores Place by the formation f bi 
200sporangia sie Wailocular or multilocular piflageltate 
ateral JTànchlets of the Sahay and Singly on the 
SPorangium therefore is the A Rani body. A unilooset® 
cu 
Of the enlargement of pot 


both asexually and 
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terminal cell of a lateral branchlet; the single nu 
divides and redivides producing 32 or 64 nuclei, the fir 
the nucleus is meiotic and that of the daughter nu 


Fig. .11—. a 'ocar, - win, habit. B & 
A—Thallus sho ng "he 

5.11 Ectocarpus sp. i 1 ) 

E—Thallus with plurilocular gametangla. 


i cleavage into ! 
When nuclear division stops, there is a 


daughter protoplasts, each with 


reniform zoospore 
two laterally inser 
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ity zoospores 
MENU o eL distal 
forward and the a ions small opening form 
excape all at one time , ore remains 
end of the sporangial wall the sporangium, each Sabie and swims 
After liberation — (30-60) ; next hecomes E gametophytic: 
for a few secon Kd germinates into a sy thes sporophytic 
fess = Reyes pat which " an en discharged from 
Ectocarpus spores have bee 1 fenew 
D us described. pee be a ues te: ido. 
a unilocular cree sporangial wall. ieu SES TENERE, 
sporangium within t lso develop from the RAD ayoq um- has- 
cular at meen moltilocolar (or plurilocular) 
branchlet. 


The cell from 
ar-shaped body. ` d then: 

stalked and long » elops enlarges slightly an 
a many-celled, lar zoosporangia develop 
which multilocu! 


A 


- A—Multilo- Fig. 5 ] 
Plurilocalar sporana showing Multilocular Sametangium s 
of biflagellate zoospores liberation of isogametes, B. 
OF neutral spores, B—Single uniting gametes, 
re —Zygote, 
d successive transverse and | 
to forma rectilinear series of s 


howing 
—Two 


th e SPorangium, Eac 
activity Comes t 


O Test and 8erminates. 
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into a new diploid Sporophytic plant. Both unilocular a 
cular sporangia may occur in the same Ectocarpu. 
plant ; but from the germination of all 


L the zoospores a 
unilocular sporangia, sex bearing Ectocarpus plants i 


come out ; whereas from the germination of zoospores d 
multilocular i.e. plurilocular sporangia, sporangia 
sporophytic i.e. diploid Ectocarpus plants develop. 


Multilocular i.e. plurilocular Sporangia are also 
sporangia and the zoospores liberated out from those are: 
as neutral spores. 


(s 


2. SEXUAL REPRODUCTION— 


Sexual reproduction is of both isogamous and an 
Gametes are biflagellate and pear-shaped, they are p 
elongated multilocular i.e. plurilocular gametangia bo) 
terminally on a lateral branchlet of the haploid 
Ectocarpus plant which is developed from the ge 
haploid zoospore of unilocular sporangium. 


; - Fig. 5.15—Ecfocarpus - 
Fig. 5.14 — Ectocarpus siliculosus show e anjsogamous IER 


4 i i nisogamous repro- bearing mi 
e eae v P male gametes (S) [udis one) and mac 
aoei toa passive female gamete (lower one) liberating 

LS ote. metes respec va 
i.c., egg (E). B—Zys ER B—Zygote. 


ium also unde 
Itilocular gametangium a re 
re cane SNP and longitudinal pias 
oe f small and cubical cele be UR 
ium is directly meta of ol 
of = s aa with two laterally inserted Sag ae 
fies fente are of the same size an PON 
es 


lace thro 
š i f gametes takes p 'hese ph) 

isogametes). Liberation o ; wall. These | 
sone : formed in the game n a inso of a pair 


i fuse in pairs, the n on 
prea plants, aci Ectocarpus is heterotha 
di 


and i 
rectilinear series o 
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sech gametic fusion, formation of diploid zygospore ie. zygote” 
takes place. 


i In 
True anisogamy been observed in Ectocarpus secundus. 
thin type gametes vd biflagellate and unequal in size. Larger 


multilocular microgametangia. On liberation from their 
gametangia, they fase in pairs to form a diploid zygospore 


n some species, e.g. Ectocarpus siliculosus, physiological aniso- 
y has been Seed. TH this case some of the flagellated 
pam Are less active and become passive forming thereby so- 
female gametes. This passive and less active female gamete 
mes surrounded by numerous more active flagellated i.e. so- 
male gametes and they attach themselves to the female gamete 
eir forwardly directed long flagella ; ultimately only one of the 
 mumerous male active gametes fuses with the passive female gamete ; 
wan formation of a diploid oospore or zygote. This type- 


g of the active gametes (male) around a 

gamete (female) is known as clump-formation, 

Germination of Zygote or Zygospore—In all 

Tygospore on germination produces a ne 
tocarpu: Which resembles in m 

t body, 


the cases the zygote or 
wW diploid sporophytic- 
orphological structure 


Pn etimes gametes fail to unite and 
K directly into a new gametophyte thro s 


— Life Cycle :— 


ach may 
ugh parthenospore, 


on 
germination 


Zygote (2n) 


Sante (a) Gants (n) 
' (n) "Wenig? Gametophytio. k 
| : plane 7?Multilocular (plurilocular). 


gametangium (n) 
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Alternation of Generations :—The typi pecies 
Shows distinct isomorphic alternation al diploid 
Sporophytic generation and haploid sexual i.e. gamete 
tion. These two generations are morphologically similar | 
Cycle. The diploid sporophytic plant (2n) bears either un 
multilocular ( plurilocular) sporangia or both types of spor 
nucleus of unilocular sporangium undergoes reducti 
meiosis during the formation of 32 or 64 haploid zo 
which on germination always produce sexual haploid gami 
(n). A gametophyte developed from the germination of 
formed from the unilocular sporangium bears multilocular 
Multilocular gametangia produce gametes (n). The ga 
pairing give rise to a diploid zygote (2n). This zygote on 
gives rise to a diploid asexual sporophyte (2n) which be: 
unilocular and multilocular sporangia. Again reduplic 
sporophyte also takes place by the formation of diploi 
(neutral spores) from the plurilocular sporangia 
sporophytic plant body—during the formation of 
spores no meiosis of the nucleus of the plurilocular 
initial takes place. Reduplication of gametophytes also t 
by a parthenogenetic germination of gametes. 


Salient features of Ectocarpus : 
(1) Vegetative body consists of copiously branched filaments. 
(2) Plant body is differentiated into prostrate and erect rs ; 
(3) Asexual reproduction takes place by the formation of 
zoospores formed within the unilocular and plurilocular sporangia. : 
(4) From the germination of all he: haploida 200p e 
ilocular sporangia sex bearing gametophytes , T 
germination of diploid zoospores (20) developed in planie ie. 
sporangia diploid or sporangia bearing asexual sporophy r Ee 
5) Sexual reproduction ís of both isogamous E 
Pf types, gametes are biflagellate and pear-shaped. aa SA 
(6) Parthenogenetic germination of gametes into gam és 


place. š 
p (7) Presence of a distinct isomorphic alternation of pu m 
Common Indian species :—Ectocarpus confer E ; 

E. arabicus ; E. dermonematis ; E. geminifructus ; E. 


D. SARGASSUM E 
i 1 of the o 
ngs to the family Sargassacex 
the Ie be E norda of the division Phaeophyta e 
known as 
e—Sargassum, commonly |! : 
Ens ined to warmer seas of tropical pu ds 
floating masses of Sargassum Sp. forming horrent 
weed' are found in the Sargassa se 


a in 
According to legend, Columbus was encou 


raged to orn 
ward sailing by sighting Sargassum in the Gulf 3 
to the family Fucaceae- 


——— = 
1 According to Prescott (1969) belongs 
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ttached to the 
and grows abundantly a 
E ie level along the east and west sea coasts. 


ic plant body 
ian set ptos: 
da thallus is bushy in habit and is Beas composed und piae 
MEN aipe and (b) frond like ows into the main 
several metres e stipe 
go erent m gre vg a xa the plant body 
ed an cr sn D nciad axis on which shh branches 
borne, r hytic plant body is attached to 1 
- m Pere.” i larly lobed and solid 
tocky ns of an irregularly ed 
2o bese "The lateral branches ar or Ed (diri 
numerous, -like expansions i.e. blades, 
er leaves ; Cote He species, the leaves may or may 
not M Reid with midrib ; leaf margins are mostly serrated, 
hence another common name of Sargassum is Sea Holly. Some of 
the secondary branches are separate and modified stalks on which 
berry-like air-bladders are borne, these are sterile. In Some species 


(tertiary) bear in place of air bladder an 
*longate, finger-like receptacle. Within these receptacles flask- 
shaped conceptacles are embedded. 


Sargassum begins its life cycle as an attached thallus but soon 
becomes afloat and continues to multiply by fragmentation. 


s the thallus is also differentiated into (a) a peripheral 
a compactly situated columnar cells containing abundant 
forming so-called epidermis—functi i i 


ne of loosely arranged 


cells called medulla— 
the conduction of food matters. 


| ien s piaca by hip sided apical cell 
apical depression of the tha us. All the cells are 
‘Gninucleate and contain chromatophores without pyr 


enoid. 
argassum reproduces ye 


í getatively and sexually. 
` VEGETATIVE REPRODUCTION—It takes 
— place by (a) f; - 
ion and also (b) by the Progressive growth of ne 3 im 
gradual n 


Both 
and oogonia ar ithin the flack: 
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Shaped and conceptacle-like structures called c 
loped on the primary branches. These crypto t 
Sex organs but bear colourless unbranched 


p 
RECEPTACLES , ONE 
/ 


CORTEX: 241 


— Sargassum sp. A- 
bee id air bladders. B: 


serpent ke: 
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These hairs secre i i through 
ucilage and protrude in cluster 

the openings of asti : E peninns of cryptoblasts are called 

eryptoblamata. 


oogonia eginning are sessile and are borne directly 
Hoe ct oon ai e oogonium is uninucleate and 
MA dese cytoplasm. The single diploid nucleus of each 
| enlarges and undergoes three successive divisions, the first 

; Of which is meiotic—as a result eight haploid nuclei are 
" ed of only one survives and others degenerate, then the 
Mire the oogonium rounds up forming a single uninuc- 
Of ovum (n). Each mature oogonium comes out through 
the conceptacle and remains attached to the wall of 


the help of a long gelatinous stalk which is formed 
of the oogonium apex. 


9 the conceptacle. A young antheridium contains a Single 
nucleus which first divides meiotically and is subsequently 
à number of mitotic divisions formi 
d nuclei are surrounded by bits 
into 64 pear-shaped antherozo 


erally unequal length. The mature antheridium 
Small, oval-shaped Structure with a mucilaginous wall. The 
| mature antherozoids are liberated final 


Et e liberated antherozoids swim toward 
Extruded oogonia Still attach à 


Oogonial wall S their anterior flagella. 
Mttberozoids E Penetrates the oo. el i 
‘the egg or ovum to form a diploid zygote (2n). Y fuses “with 


Boing any period of res 
the enclosed Ooogonium w 


out in 
S, and finally dey Mo ree Tho 


eras new 
Alteration of Generations — 


Like Fucus Sar, 
Any a š gassum d 
trees Mie, Serna le andes TO show 
Ë l TS SEX organs. iosi 2s 
1 De TOritiation— henee haplophase i takes place on] 
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Life Cycle : 


Sargassum plant body (25) 


Male coneptacle (27) Fem 
Germination m zygote (2n) ^ Antheridium (2n) 
š l 


DES 


3 Anthem 


liberated out 
in water 


Zygote Que 


LIIS DD M 
Oogonium with egg 
but still remaining 


Salient features of Sargassum : 
(1) Sporophytic plant body bushy in habit ; pl 
main axis, lateral branches and leaf-like structure 
air-bladders. 
(2) Anatomical differentiation of the thallus into ë 
medulla. 
(3) Absence of asexual reproduction. 
(4) Reproduction takes place by vegetative 
reproduction is of oogamous type. 
(5) Antheridia and oogonia are 
on different plants. 
(6) Meiosis takes place only at the time of gamete formation. 
(7) Formation of a single egg within each oogonium out 
formed within the oogonium, the other 7 nuclei Deas i 
(8) Fertilization takes place while the egg is still © 
oogonium which is liberated out in water but remains attached t 
conceptacle with the help of a gelatinous stalk. 
(9) Absence of true alternation of generations. x 
Common Indian species :—Sargassum caryophyllum s — 


duplicatum etc. : 


and sexual 


borne on conceptacles, 


5.4 The Evolution of Sexuality in Pheophyta: - 

The Pheophyta or Brown Alge show various 
differentiation. Smith (1955) divided Phaophyta in 
viz., Isogeneratae, Heterogeneratae and Cyclospore 
mode of reproduction and reproductive cells. 


The class Isogenerate includes Ectocarpus, Dic. 
one includes Laminaria and the third one o 
etc. In Ectocarpus asexual reproduction takes pus 


pnm 
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lies some 
i tes, thus there 
flagellate isogame pad SturzassuAt 
BEES ou 
with differentiation of m Din male game tangi : 
there is mi ighly organised male js roduction fto 
— inn" In Ectocarpus the E r Meet ieee 
‘in MEE ns y meint jd seis Torming a zygote 
paoe ~ og fo Ph pairs outside the individual, Scal aga 
fuse new plant. Though d Sa diploid ahane 
Satine - min of generations of haploi ipee 
E id asexual Ectocarpus bears two ed " "POOR fi 
ha multilocular ie. plurilocular. freee 
wailocular a uces diploid zoospores which givi DUE eina 
diploid ome Ectocarpus plants. In the unilo 
Ape by diploid (2m) Ectocarpus, 
takes place during the formation of zoos c Bie fo O 
formed in unilocular sporangia on En . ^b in 
tic Ectocarpus plant— i 
cere ` et eae of morphologically 
ble zoospores in appeare: 
PE. they are different. 


i there is 
Moreover in Ectocarpus | > 
biological difference of male and female plants—thus physiological 
ism consequent dioecism begins 


to appear in Ecto- 
f different 
carpus, etes from same plant do not fuse but o 
plants Ems of gametic union is the production of Zygote 
(2a) 


uces asexual diploid Ec. 


š o ygote asexual 
is just like Sexual plant)—thi 

phyte bears tetrasporan In a etrasporangium tetra. 

developed Teduction division. T i 

male or female 


os š morphic alternatio f genera. 

plant a> Tepresents a Orophyte (27 h 

Clusters of Sploid A l: r Su ains : seed biflage nara 
In these ilocula i iosi 

maj. oes Pores after th ir] beration ater germina ia Y EN 

male and emal tophytic filamentous plan which differ b 


548 STUDIES IN BOTANY 


Phologically from the structure of sporophyti 
gametophyte bears antheridia. Each antheridium 
biflageliate antherozoid. Female gametophytic pla 
each Oogonium produces a single passive egg. 

with the egg forming a diploid zygote (2n) 
germinates into a new sporophytic plant body. 


In Fucus, Sargassum etc. there is no alternati 
asexual phases. The peculiarity is that though Fu 
bear distinct localised and specialised sex organs of 
they are always diploid cytologically. ^ 

Plants may be monoecious or dioecious i.e. homoth 
llic respectively. Reduction in chromosome numbers 
during the formation of gametes i.e., sperm and egg in 
in other words, the gametophytic phase is limited to th 
The gametes on fusing again give rise to diploid Zygoi 
into Fucus, Sargassum etc. which retain 2n or dipl 

Thus in Phaeophyta, evolution of sexuality can 
high type of isogamy (Ectocarpus) to oogamy (Dicty 
homologous alternation of generations and oogamy 

tion of generations. e.g. Fucus, Sargassum etc. 


cuarrervt Rhodophyta (Red Algae) 


hyta š 
haracters of Rhodophy 
61 Distinguishing c 


Chromatophores ini fficient quanti- 
igment r-ph yeoerythrin in su ua 
c Lula pigments and so give the plant E oe 
p — an a blue pigment called r-phycocyani 

tive red colour. 

present. 


Piagellated reproductive cells are totally absent in the life ud Ec tar 
^ Male gametes -flagellate called spermatia; atthe time UM 
-= ne i and lodged agains 
fepeodoction spermatia are passively transported to 

Organ—the carpogonium. ds 

" the members of Rhodophyta produce one or more types ot mon: 

NN. n^ One of the important spores is carpospore, carposp 2 
formed indirectly from the zygote. Other asexual spores are neu : 

q metamorphosis of vegetative cell), .monospores (formed 
r within monosporangium), bispores (two spores within i pomaztum), 
#etrawpares (four spores within each tetrasporangium), polyspores (multiple o 
foar spores produced within a spo; 


rangium) and paraspores (clustered masses of 
& The reserve food isa type of starch known as “floridean starch” which is 
Considered to be a glucose residue, 
7. 


Members of Rhodophyta exhibit three types of life cycle (vide life cycle 
types). 


62 General account of Rhodophyta : 


OccunRENCE— The division Rhodophyta often referred to as “sea 
mosses”, with about genera and 2,500 species are the most showy 
of all the sea weeds. A great majority o 
All the mari i 


f the red algae are marine. 
me species are sessile under normal condition but become 
free-floating if they beco due to death o 


€p Water—some 
ipe "esa ew species (about 50) 
ter, most o "em are confine mainly to well-aerated 
Waters of rapids, fa ls and in cold rapidly flowing strea 
Most of the Marine Rhodophyta STOW upon rocks 
Other inan te su stratum 


s. s 
gae belongin to P 
whereas sopa PhYta etc. either as C Ëing to Phaeoph 


so 
epiphyt yta, Chloro- 
€ others live as Parasites, putes OF dy endophytes ; 
"ATIVE Srructure—tp 
body is multicellular which has of the Benera, th 
branched, more 


from simpl fil mendetative 
Complex (het i © filamentous to 
Teali are mostly branched, ^ -Totrichous) to macros 
, 


Š ic for 
n Onsist of tufted filaments o Sart inous 
e forming thalloid sheets and leaf-like expat 
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Some membe i 
Porphyrin IS have simple unicellular Plant bo 
The members of Rhodophyta are 


composition of the red algal cell proto 
harides and carbohydrates ; thb mucılages agar- 


le, centrally located stellate ch 
than one parietal discoid chro 


a, chlorophyll d, alloph ycocyanin, carotenes (x and 8) and x 

(lutein, zeaxanthin, violoxanthin, flavoxanthin etc). The mali 
reserve is a peculiar type of insoluble carbohydrate 
Jloridean starch which is considered to be a glucose residue (Pr 
1969)—this floridean starch is stored in the cytoplasm in 

of small granules ; besides this, many red algae also accumu 
soluble sugar floridoside, a glactoside of glycerol. Other € 
drates found include mannoglycerate, trehalose and sucros 
addition to these, some alcohols as well as several fats n 


considered as food reserve. 
REPRODUCTION—Members of Rhodophyta reproduce 


asexually and sexually. 
Vegetative reproduction often takes place by fragmenta 


thallus. 
Asexual reproduction takes place by the formation of o 
types of one-celled, non-flagellate spores e.g., monon 


tetraspores, paraspores, polyspores and carpospores. 
are produced within their respective sporangia. 


produced singly and each is surrounded by a thin gai 


N 
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called meiospores, they are formed in groups of four usually 
A nm prende =x produced by the sporophytic plant 
body, If there are multiple divisions and several spores are formed, 
as Spores produced directly or indirectly 
(Le. as a result of sexual union) are called carpos- 
In some red alga ( e.g. Plumaria elegans ) triploid individuals 
from the union of diploid and haploid gametes) bear only 


Clustered masses of Spores known as paraspores—these paras- 
pores (3n) give rise to new triploid plants. 


Sexwal reproduction is of oogamous type with or without elaborate 


May be produced b i f 
: » OY a specialised cell cut off 
N the supporting cell. In the hy re 
— 9 a M ^ Special differentiated cell (variously formed 
genus) | as aux ach "a Pogonium has 
`=" l asal bulb 
chm je base. The Carpogonial ba ae 


D cio Id and eus ae Ward migration oft xi ¿madai 

ote Is formed € 

2 m 

e ped _Post-fetilization stess eta 

o 3 ler part ich i ^ 

resented s Plant and the later part of hich ioi 

tkpresented š independent SPorophyti nt wiped 

Et dha Carm Phytic plant Which diff, 

- The SPorophyte pendent. am age toe $ o 

cach Porophyte mhich produces gjon, the pospone ye i : 

tiun, rode diploid arpoo Pores singly "a 


Rives Tise to an Iploi Y within 
#etrasporophyte, Independent free o SPOre th h dire 
Gin it sisi takiPt'asporophyte ee ing sporo hyte called 
con on Within during th, yis ia a 

On again prod = Po m. oid t. tetraspores 
"a d members ° d gametophyte Old tetraspores on 
Odo 
Stages, ther, "is dn there is laborat 
z. i e 
Ygotic us int 


carpospores takes place, t ¿28 - 
meiotic. place, the nuclear division of zygo! 


CLASSIFICATION — Fritsch 1935, *45 ' 
Rhodophyceae into two NIU 2 ñas tab 
contains single order while the other contains six ord 

1. Sub-class Bangioideae: S ecies are ; 
and marine, Thalli of this sab RUE are Hed bran 
solid cylinders or expanded sheets—one or two cells in 
connections between the cells are absent. Sex oI 
specialised. Asexual reproduction by means of mono 
spores, the latter are formed by the metamorphosis of 
cells. Zygote nucleus directly divides giving rise to: 
Sporophyte is represented by zygote only. 


Order Bangiales—Examples :  Compsopogon, Porp 


2. Sub-class Florideae: Species are mostly 
are well developed, ranges in structure from filament 
pseudoparenchymatous forms. Cells are always with pi 
Sex organs are highly differentiated. Gonimoblast fila 
carposporangia are formed directly or indirectly fro 
meiosis in zygote nucleus may be delayed or may take 
diately. It includes the following six orders :— 


order 1 Nemalionales—Example : Batrachospermum ` 
2 Gelidiales—Example : Gelidium ie. 
3 Cryptonemiales—Examples : Corallina, Lithot 
4 Gigartinales —Examples : Iridea, Agardhiella 
5 Rhodymeniales— Examples : Champea, Gas 
” 6 Ceramiales—Examples: Ceramium, Polysi 


Smith (1955) placed all the members of the division 
in a single class, the Rhodophyceae. Further group 
Rhodophyceae into sub-classes, orders etc. are S mila 


Fritsch's classification. E 3 
Prescott (1969) classified the Phylum ui. ind Abs 
. Subphylum Bangioideae. Simple thalli of bran 
danni or D eqibfanoné fronds; no pit-COnnecton es 
reproductive structures are relatively simple, pue k 
Life cycle simple, the haploid /.e, gametophyte domi £ 


to the zygote. / 
This subphylum contains following 
1, Order Porphyridiales—unicellular 
,— Porphyridium. S Re 
rg pex Goniotrichales—uniseriate or moe fio à 
by cell division and monospores. Ex.—Goniotric oe ii 
3. Order Bangiales — Attached, unbranched, mu š 


idee cno Maat Ere. 

losed by a cortex of small, brick- re ji 
Te S » hylum Florideae. Plants attached ; filaments, te 

cel uf filaments which are mostly arbuscular (a TE 
pen; of a tree) and highly gelatinous. ; 


complex. 


LE] 
” 


” 


four orders :— 
forms of uncertain taxon 


Reproducti 
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Order. Nemalionales — jaxial, sometimes uniaxial fronds. 
Female organ L Án th me. auxiliary cell develops from 
Di composing the carpogonial branch. Meiosis usually takes place 

eT A carpogonium. Tetrasporophyte present in some genera. 
Ex. — Nemalion, Batrachospermum etc. 
2 


Order Gelidiales—Flattened, branched, uniaxial filamentous fronds. 


Qut branch and carpogonia clumped. Auxiliary cell not formed. 
history with male, r wŠ and tetrasporophyte. Ex. Gelidium. 


Onder Cryptonemiales —Incrusting or erect and mostly calcium-encrusted 
on. omen Carpogonial branches Specialised and sometimes 
steeped. with auxiliary cells on special branches. Mostly with male, female 
aed tetrasporophyte plants in the life history. Ex. Corallina, Dudresnya etc. 


4 Order G nales—Highly branched erect thalli, filamentous, membranous, 


prostrate. nial branches short and unspecialised. Auxiliary cell formed 
fone wegetative cell in an unspecialised filament. 


Mostly with male, female and 
atrasporophyte plants in the life history. Ex.—Gracilaria, Gigartina etc. 
$. Order Rhodymeniales —Multiaxial fronds with short carpogonial branches. 
Auxiliary cells from a branch t 


hat grows from the supporting cell. Male, female 
ead tetrasporic plants in the life history Ex.—Rhodymenia, Lomentaria etc. 


& Order Ceramiales—Carpogonial branch formed fro: ti 1 
Apioa gw rer dal rom a supporting cel| 


ral cell. Auxiliary cell formed from the 

Gell following fertilization. Male, femal t i i 

the life history. Ex.—Ceramium, Polysiphonia MS T. psano plats in 
ALTERNATION OF GENERATIONS—A mong the members of Bangi 

i; ' GE Ë angio- 

ideae, the life cycle is simple haplobiontic (refer article 1.1 

i š age 395). 

But members of Florideae h dee d 


of FI ave complicated types of both haplobion- 
tic and diplobiontic life cycles which may b i i 
Gait, 195) 2^ ay be grouped into following 


(8) a biphasic alternation of a ha 


yte a a triphasic alternation o 
umeophyie, a diploid carposporophyte and a diploid le 
In vv alternation, the sexu 


: Successively one another d 
A biphasic alternation hap oid ameto e 
loi h 
te (t ) g t p yt and a haploid 


lonales e.g. 
represents the g. Batrachosp 


o da 
Cystocarp be. Y fertilizati 

Posporangia (i. lon structure 

Sach carponpor sporophyte is haploid. the nase D0sporophyte) is 
Carpospore (n) which on U. directly metamorph o o s Within 
TE plant. Ves rise to gam top aploid 

YAN x ytic i. 
diploid carp biphasic al EF 


ternati 
Porophyte ( oe 


ofa haplo; 
type b), the meiosi in Ba metophyte anda 


YZOtic nucleus 


uonvuruiod uo 


(u) o1odsodiv; 


uonsumnulod uo Stsorowu fq 


(u) 910dsod1e) 
(uz) p. (uz) urs dsodie.) | ul 
(uz) 214ydo 10dsod 1$ 
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2 IE division of the 
place. rdinary ie. mitotic division 
_ phere a e a Boore called EU ona 
carpos te with carposporangia 1s d 
meiosis -— mper to the formation AE cae he 
i h carposporangium. As each car 
curpospores (n) within cac 


ium is also called 
i res so the carposporangium is also 
 —— rem] the spores carpotetraspores (n). This type 
i found in Phyllopora brodiaei. 


iales 
some other members of the order Ceramiale | 
ppm with a haploid gametophyte (n), a diploid 


haplo aspores on germination produce 
haploid gametophytes. 
uo AND PHYLOGENETIC RELATI 


5 ancient line of alga with 
extending back to ician, apparently arose 
from non-flagellated unicellular types, The Rhodophyta 
tesemble no Other algae except Cyanophyta. Members of both the 
divisions are alike in that they have phycoerythrin and phycocyanin 
bo m lack flagellated Teproductive cells, 

; the cyanophycean Starch is chemically allied to floridean 

March. : Kylin (1930) has Suggested that Bangiales have 
originated oA A arn hog S the origin of Bangiales from 
Cyanophyta see iien such ap lroduction of too many new 


of pigments in chro n in, thes atures include 
and matop 
t Presence of true nuclei. hores, 


De Gi à eue reproduction 
in o 
‘raced from Chlorophyta, The star-like. sad (29. o 
structure of the allus and the method of s in CO dede ae 
rend and in Prasiola (Chlorophyta) J pan tad 
Primitive Rhodophyta) © a line of phyloge V Dnyra 
REATding the origin of Rhodophyta from Chew be presumed 
botanists have vanced the theory that the « lorophyta, Some 
have evolved fro algae because Pu fungi’ (Ascomycetes) 
between the sexual Teproductive Structures in hieu Eins aimullatity 
Ecowowic T groups. 
tance. A few are Man ome red algae are of economic i 
Made into a desse P man. Chondrus c pore 
puddings Pon Well-known “s oss fn (Irish moss) is 
` yra is used inj na as well as oth 
ment and asara cold Ë Tope for maki "i 


u 
: akin a 
gelatinous s Ë condi 
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obtained from various memb rs 

ers of Rhodophyta. 
—these two genera of Rhodophyta form the on 
agar-agar. Agar-agar is used in making ice-ci 


shoe polishes, Shampoos and cosmetics. . Many 
eaten by fish and certain members are fed to cattle 
of the world. For example Rhodymenia is called ‘sh 
is used as fodder for cattle and sheep. The coralline, 
red alge are important land formers, they contribute t 
up of “coral reefs.” a 


6.3 Structure and Life history of some typical R d 
A. BATRACHOSPERMUM ; 


Batrachospermum belongs to the family Batra 
the order Nemalionales under the sub-class Flo 
Rhodophyceae and the division Rhodophyta (Smith, 


Occurrence— Batrachospermum, commonly known š 
is a fresh-water alga, having a world wide distrib 
temperate and tropical regions. This alga prefers 
well-aerated water for its growth. Batrachospe 
arbuscular (a bush-like thallus growing in the for! 
streaming bush-like growth on sticks and stones in 
Some species occur in pools where they develop well on 
sides of clear, cold pools in the mat. 


Structure of the Vegetative body :—The thallus s 
mum may be upto 15 cm. in length and e 
violet-green to tan-coloured. The plant body Ë Y 
gelatinous in texture ; it possesses vertici 
branched filaments, varying 10 length du 
centimetres. The plant body appears throug 


delicate beads. er 
: : o we 
The main axis of the ttiallus eee in à nga 


d cylindrical cells arranged er 1 
Lig thallus, oe as an a paar 
, all enclosed in a so u 
boe cells bear setae. Bun n Ej n 
(a) lateral branches d ini gro ce be v 
of unlimited growth—a | ese pu m. 
ds of the cells just below the SPT. =. | 

Lo clic of those branches the mem nodes p^ 
r d internodes. From the uu. 
et "of limited branches, braunen a 
also develop ; these repeat the branch ii i Me the fo 
lateral whorls of limited branches a D pe plant its 
globose clusters at the nodes, imparting a 


+ 


557 
ALGAE—RHODOPHYTA 


lso known as 

beaded appearance, tructures are a ists 

—ÓÓ tforth from the š 

ghomerules. ts are pu vds 
which de. Further, Sei eri ceils to oe oe cor 

pts to short, out-turned bran : 

These in turn 


* 


6.2— Batrachospermu: A— Portion of the plant body showing 

e general babit B—Part of the plant body enlarged, showing 
axis and branches of limited growth. 

cells of the filaments are elliptical and are con 
ies cells by protoplasmic pit-connections. Cells a 
nd contain a number of parietal discoid or lobed chromatophores, 
fach with one Pyrenoid. Sometimes the chromatophores are 
diffuse, 


Reproduction—Barrachospermum Teproduces by asexual and se 
Methods. 


xual 
+ ASEXUAL REPRODUCTION A 
young ri 


nected to the: 
I€ uninucleate 


Sexual re place 
by the formation of 
cleate spores known ngly 
i . Monosporangia 
e young gametophytes (called C 
are produced duri 


n. S4 Chantransia stage) 

post-fertilization Period of the 

Uction. The adult Bat nt Sometimes 
j : : 


ix WE eral branches. 
a Tanpi 

Protoplast, which Comes to rest, Biles z de aan 
(puncto pid Steely Serminates into 4 new B 
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2. SEXUAL REPRODUCTION : 
2 N :—Sexual re uC 
type; It is brought about as a result of Bor ti 
y à spermatium (male gamete). The plant is the g 
fi ata male and female, may be borne 
erent sexes are borne by separat i 
‘homothallic or heterothallic, EE 


Spermatangium (antheridium) and the devélopnietil O, 
The male sex organs, called spermatangia, are prodi 


Spermatangia Sperm nucleus 
Antheridia) 


develops from | 
nial mother 
togonial mo 
a protuberance 
of which div 
nuclei by mi 
berance takes © 
ultimately 
or less spherical 
spermatangium. ` 
The protop 
of each sp 


Fig 6.3—Batrachospermam sp. Thallus 
showing group of spermatangia on metamorphosed ` 
dwarf shoot (limited branch). motile, non-flag 


male gamete called spermatium. The spermai i ë 
the spermatangium through a narrow apical slit of the sp 
wall. The liberated spermatium floats in water, 
current and is lodged finally on the wall of the 


female sex organ. 


arpogonium and the development of egg :—The 
are acne as carpogonia. Each carpogonium dere sp k: 
terminally on a special 3-5 celled branch d > 
filament. Each carpogonial filament arises 
vegetative branch of the thallus. 


h mature carpogonium co 

dita portion known s p md 4 E 
ining a nucleus, chromatop be 
eres to epe bep be E 
. The lower cells ot the ca pi 

pcs op Id that grow up and eventually pa pn 
ç The trichogyne functions as recepti gat 


nsists of a prominent âl 


gonium. 
gamete. Hm 
; i amete 1€: 
Fertilization :—The liberated wale. gus E i 


carried away by water current to come in 


` 
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finally the spermatium is lodged on the wall 
the pg matli n trichogyne walls at the point 
contact get dissolved, and the nucleus of the spermatium passes 
through the open passage of the trichogyne and moves down the 
trichogyne towards the base of the carpogonium where it fuses with 
the nucleus of the carpogonium. The result of such gametic 
fusion is the formation of zygote nucleus or diploid carpogonial 
nucleus (22). Immediately after fertilization the trichogyne is separated 
from the carpogonial base by the formation of a mucilage plug, next 
the trichogyne gradually shrivels and finally disappears. 


Germination of the Zygote nucleus and Post-fertilization develop- 
ment ic. formation of Cystocarp:—The diploid zygote nucleus 
Immediately divides meiotically within the carpogonial base into two 

daughter nuclei. In the meantime a lateral protuberance is 
developed from the wall of 


T of the carpogonium, one of the two haploid 
nuclei migrates into that protuberance and the other remains 


I 


Fwithin ; 
"Carpogoniar a pogonium base. The 


Y a Wall and which ia 


ature oni- 
nium (C). 


Protuberance ; 
ç IS cut off f, 
nown as gonimoblast init 
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The nucleus of th 

e carpogoni ae 
ses protuberance may be formed oa a ai > 
gonial wall in which one of the two daushicoal 


ule 
me" Carpospore 


filaments 
filaments is 
ted divisions. 
gonimoblast f 

single haploid nu 
The termi 
gonimoblast fi 
enlarged and 
carpospora 

of each ca 
come metam 
single non-moi 


Fig. 6.5—Batrachospermum sp. A mature 
cystocarp producing carpospores. 


haploid carpospore. Along with the development 


terile th 


new genus) is kno 
spermum. These c 


( as descri 
apical cells of the lower branches o 


new adult Batrachospermum thallus develops. 
Alternation of Generations :—There is no distin 
haploid to diploid generation in the life history of J 
The life cycle is biphasic ; in Batrachospermum a 
of haploid gametophyte and a haploid carpospo 
Batrachospermum plant bearing spermatangia and ke 
sents haploid (n) or gametophyte. The cystocarp im 4 
is dependent on gametophyte and is also haploi 
haploid carpospore jn carposporangium. E 
the real s 


In the life history of Batrachospermum, i 
diploid phase is very limited and of short duration, ' 


to zygote (2n) only. 


ct 
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rachospermum (n) 
(Gametophyte plant) | 


Carpogonial 
Spermatan- 
Mil boh (n) "ERE (n) 
! 
Yon 
MN LE xu gant ur (n) 


gium (n) | 
Y + 

Spermatium (n) Egg (n) 
| Sexual union | 


A 
N Z 


NV 
Carpospo- , Gonimoblast By 
(nj rangium (nj "lament (n) “maoa Zygote (2n) 


— branches are of two types e.g., limited and unlimited 
nections between the two adjoining cells, 
ce of any kind of flagellate cells. 


EXU: I reproduction by monospores, this is noted in young gametophytic 
ture of female 


Sex organs is complicated. 
n is of advanced Oogamous type. 
production is followed by 


elaborate post-fertilization sta. es with 
‘Sarposporangia containing Carpospores. Ë 


of fruit body-like Cystocarp. 
ofa biphasic type of life cle. The diplophase ; i 

= T ied Ae Iplophase is Iestricted only 
esenc Ofa juvenile or chantransia stage in the life cycle, 


Species #— Batrachospermum vagum. 


about 
along the 
y ccur i 
rshes, brackish estuaries ond bow 
4 also 88 epiphytes on 
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some other algae e.g. Fucus. In India, this plant ha: 
occur in the West sea coast. 5 

Structure of the Vegetative body :—The name Po 
been imparted due to the presence of siphon-like rows 
in the plant body. Plant bodies i.e. thalli are ge 
a few to several centimetres in length. 


The thalli of Polysiphonia are arbuscular (grow 
tree, a bush-like thallus) in habit. The vegetative 
mentous, and depending upon species, has either 
branching. The thallus bears at its basal end a long 
whose distal end expands into an irregularly lobed 
orholdfast. By means of this holdfast the thallus re 
to the submerged substrata such as rocks, stones, shel 
body etc. 


The main axis of the thallus and its mature b 
olysiphonous appearance as those are com è 
5f siphon-like long axial cells surrounded by elo 
cells. According to species, the number o = 
cells varies from 4 to 24. The younger parts of ti 
uniseriate with discoid cells. M 
In some cases the polysiphonous structure in mans? 
thallus (i.e. in the lower parts of the filament) become € | 


JA 


ig. 6.6 
Pi a bran 
sectio: 
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eashea ormation of a layer of small cells 
to teint us The cells of the central axis and 
ofthe branches are connected with one another by proto- 
plawnie pitconnections. Each cell has one nucleus and many 
Mo chromatophores embedded in dense cytoplasm. Floridean 
March, some alcohols as well as several fats remain as food reserve 
te each cell. The growth of the thallus is initiated by a do me-shaped 
apical cell. Besides the polysiphonous branches like the main axis, 
many produce, uniseriate dichotomously forked, gradually 
tapering multicellular branches ie. filaments of unlimited growth— 
filaments or branches are known as trichoblasts. The trichoblast 
develop from any axial cell which is removed by 2 or 3 cells 


from the apex. Trichoblast cells are uninucleate and colourless or 
faintly coloured chromatophores. 


Reproduction :—In the life history of Polysiphonia there are both 
sexual and asexual reproductions with an alternation of generations 
of gametophyte and sporophyte. 


|l. SexuaL REPRODUCTION Polysiphonia plant represents gameto- 
| phyte. Gametophytes of m i i y 


ium within the ATJAN iene eee 


Í 
š 
š 


I 


k pan tis ars Ia Or procarps, are Produced 

(i.e., female gametophyte). peated h 

Carpogonium develops is called car inii samet 
branch. The carpogonial ti 
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gonium 


m. The trich 
P Carpogonial filamen, CP tiVe Organ f, Ogyne 
mi lament is acc ieg QT the spermati 
called. gr initials from the a,  Panied by th natia. 


ji 


f 


y" 


> 


cal r ri 
ca led Jateral sterile initial. Subsequent division f 
€ ISI i 
form a 2-celled sh lateral tal 
Ih ort filament called Jat i 
A is stage of development fertilization takes place. 
h ace. 


Fig. 6.7—Ploysiphonia sp. A—Surface view of as 
bearing spermatangia. B— Longitudinal section of a port 
branch showing spermatial mother cells (spmc) and spermaté 

Longitudinal sections showing the post-fertilization chan 
formation of gonimoblast initial development. tri- 
cpgn— carpogonium, C — carpogonial filament. 
sc— supporting cell. bsi-—basal sterile initial, Is — lateral 
filament, ac- auxiliary cell, gi— gonimoblast initial, 5s/— 
sterile filament, cbr— remains of carpogon 


Fertilization— At the time of fertilization, 
carried to the carpogonium by water current. One ol © 
finally adheres to the trichogyne, the common walls € 

1matium and the trichogyne dissolve—next the con 
spermatium migrate and move down the trichogyne Into _ 
the carpogonium where both male and female nu 
forming a diploid zygote (2n). ; 


Post-fertilization changes a 
Cystocarp—Immediaiely after feruliza 
starts ils beginning in the zygote. 


nd ‘ae consequ: 
tion, the s 
Shortly aft 
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latera a 4 to 10-celled filament and the 
p o0 A ina called filament. Following this 
cre nar atta d. daughter cell called auxiliary cell at the 
~em e 67D E) This auxiliary cell lies below and soon 
eden aa connection with the carpogonialbase. Now he 
diploid silm nucleus, within the catpogonium, divides mitotically 
asd one of the two daughter nuclei 
migrates into the auxiliary cell 
through the tubular connection. 
Then 


gomimoblast initial develops from 
the auxiliary cell (Fig. 67E). This 
Process is repeated and ultimately 
^ st of gonimoblast initials are 
- Each gonimoblast contains 

8 diploid nucleus—this is due to 
fepeated mitotic division of the 
nucleus of the auxiliary cell 
migration into the Fig. 6.8 


initials. Now each cystocarp of Polysiphonia sp. 
gonimoblast initial devel 
gonimoblast 


filament, each cell of Which bears a diploid nucleus, The 
terminal cell of each goni ps into a sporangium 


Along with the development of 
ngia and carpospores i.e. carpos h i 
gf be supporting cell, the auxiliary cell "a cells of eiie ual fusion 


n & Carposporophyte - i 
SArpospores) is Called Cystocarp (Fig. 63) Corposporangia 
Tetrasporo, te— i 

“s phyte—At minat C PoSores ate liberated 
from MN and E ation pro uces the asexual ie. 
š “ost uc FE Ophytic plant. This tetra ws 


: Sporophyte 
etophytic p] 
Strasporophytes are Strictly asexual in natu ae 

ngia in severa] Successive tiers I e. and th Y produce 

branches of the tetrasporo hyte n the swollen a tw 
around the central axis i may gi ericentra] cell fro ome 
initia]. $ r 
; tetraspora, S IFasporangium 1S provided with 2 AE Aitei SPorangium 
E oi Cell incre: in vol One-celled Stalk. The 
undergoes ‘Osis thi ing rise to ^ s cies see nucley 


el, around 
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which four cruci 

: iately arran 

kn ged tet 

eral, Poss cH are liberated by ANN tua 

pA abate, x Iberation, two of these tetra arsa ei 
phytes and the other two into female Be 


A 


Fig 6.9—Polysiphonia sp. A—Portion of tetr y 
H : ti 
showing tetrasporangia containing Mies 


Alternation of Generations :— The life cycle of Polysi 
complex one in that it possesses three phases i.e. triphasic 
with a haploid gametophyte, a diploid carposporophyte - 
on gametophyte) producing single diploid carpospore W 
carposporangium and a free-living diploid tetraspo 
haploid sex organ bearing plants are gametophytes. 
separate into heterothallic male and female plants. 
free-living plant i.e. tetrasporophyte bears tetrasporan 


pores which arise from the germination of a diploid carpo 
ed singly within each carposporangium of the carpospore 
carposporophyte is dependent on the female gametophyte. 
carpospore though called a spore has diploid chrom 
the product of diploid zygote nucleus consequent on! 
All the plants i.e. the haploid sex bearing male an 
phytes, and tetrasporophytic diploid plants are all 
alike i.e. similar in appearance. The haploid tetra 
within tetrasporophytic p 


Jants again on germi 
haploid male and female gemetophytic plants. 
history of Polysiphonia there are three types 0 


f plants po 
metophytic plant e sex organs 

(b) oe gambtopbyllé plant bearing female sex organs 

—this plant bears dip esu! 

and (c) tetrasporophyte developed from the germin 

carpospore—this plant produces haploid asexual spo 
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ii ibi isti lterna- 

honia exhibits a distinct a à 

jT n-— Ed independently alternating well 
1 —a and sporophytic plants. 

Life Cycle :— 


Male plant (7) 
- —PolysiphoniaÇ 


Female pw (n) | 


+ "d Gametophyte ads Spermatangium (n) 
(n) 
Í Meiosis! | 


[SGAM + 


E; Spermatium 
l ° Ferale Por Male 
z wm M nucleus (z) nucleus (7) 
+ \ 
Tetrasporophyte (2n) "m 
Sporophyte hx d Sexual union I 
rangium (2n) Gonimoblast Auxiliary d 
‘Campospore<-{covered by < filaments *-cell develop- «-Zygote (27) 
à Qm) cywocarp (2n) (oin et (2n) 
, Carposporo- — auxiliary ce 
phyte (2a) TH 
Salient features of Polysiphonia :— 


cO egit ions between adjoining cells are present, 
1 2 'emale RM diploid plant 


ci li Cycle—one phase ( 
y Doce which is followed by an dee aro 


i {Sammon Indian species ;— p, i 
#tissimum +P. sertularioides ; P. a honta 
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SELECTED QUESTIONS ON A 


1. What is thallophyta ? What are its sub division: 


division thallophyta. ill di i 
pues dw aay oe you will differentiate thallophy 


Refer page 389 
2. State what do i 
types citing examples you mean life cycle types in algae 
Refer article 1.1, page 395, 
3. Discuss the phylogenetic relationshi 4 
have given rise to higher groups of lant 1" d 
Refer article 1.3 
4. Describe the evolutionary trend in algae that you h 
your answer with sketches. 
Refer articles 1.3 and 1.4 ! 
5. Write an illustrated account of the evolution of 
reproduction in algae. & 
Refer article 1.4 Š 
6. Give an illustrated account of the differentiation of vege 
Chlorophyta. "- 
Refer article 1.2 
7. Explain what do you mean by isogamy, apl 
Illustrate you answer with suitable examples from the 
you have studied. 


Refer article 3.5 É 
8. Describe defferent types of sexual and asexual methods 
green algae. Give examples. 
Refer article 3.2 (reproduction). ; ES 
9, Trace the evolution of sex or sexual reproductive method 
with reference to the types you have studied. 
Refer article 3.5 
10. Give the distinguishing characteristic features of us mem! 
phyta you have studied. How do they multiply themselves 
Refer articles 2.1 and 2.2 (reproduction). 
11. Give a general account of Schizophyta. M 


Refer article 2.2 . 
12. Describe the cell structure of Myxophyta. Comment 


the central body. ‘ : : : 
Refer article 2 2 (cell structure and views regarding the nature 


pages 410-411). 
13. Give the general features of Myxophyta. How they 
diverse habitats. 

Refer article 2.2 t 

14. Describe the structure and reproduction of ; 
Nostoc and Anabaena. 

Refer article 2 3 
i he foll 
the diagnostic characters of the fc 
PAL, tim orophyta, Phaeophyta, Ru and 
Refer articles 2.1, 3.1; 5.1, 6.1 and 4.1 respectively: 


16. Describe the life history of Chlamydomonas. — 


the origin of sex in plants. 
Refer article 3.6, A 


, 
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k: n. Give an account of Volvox. How does it compare with Chlamydomonas ? 
y I articles 3.6, B and 3.6, A 

» Descr > life history of Hydrodictyon with special reference to the 


c . n 
the life history of Ulothrix, commenting upon any point of 
in it. 


ticle 3.6, D om 
dbe the life history of Chara starting from the germination of the 


36,0 

the structure and reproduction of Oedogonium. 

36,1 

the mode of sexual reproduction in Oedogonium. Do these algae 
mation of generations? Diagram the life cycle of Oedogonium. 

icle 3.6, I 


with suitable sketches the distinguishing features of Cosmarium, 
Spirogyra. 


3.6, J, K and L. 
the life history of Zygnema and compare it with that of 


3.6, K and J. 

ibe the life history of Vaucheria and discuss its position in the 
le 3.6, N 

cr ` hore structure and reproduction in Ectocarpus and write 

53,C 


in h 

5 | detail the methods of Teproduction and alternation of 
article 5.3,C 

the life history of Fucus giving stress on its 
article 5.3, B. 


aDiatrams the life cycles of Ectocarpus and Fucus, 
er article 53, C and 5.3 B 
zm àn account of the Structure 


` and method 
De fecil reference to life cycle indi eee 


alternation of 
Indicate the Critical 


Production i 
cating where chromo. 


63, A (fertilizati 
general 


Some of t omic 
: E Salient features 9f diatoms, Mention the 
article 4,4 (Eco, ad 


nomic importance only) 
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34. Describe with di i j 
life histone, wi Jagram the more important featui es in th 
nae be olysiphonia. Comment upon the alternation [ 


Refer article 6.3, B 


35. Compare the s i 1 
Te t porophytic si 
Ectocarpus. Give illustrations. 4 MERC 


Refer articles 6.3, B and 5.3, C respectively. 
36. What is meant by 'alternation i 
mu of "? E 

to the life history of Polysiphonia, How ae ane p r: 

Refer article 6 3, B : 

37. Describe the life history of a red alga you have studied. N 
type and mention the place of its EE $ oA 

Refer article 6.3, A or 6.3,B 


38. Give a comparative account of the sexual reprodi 
spermum and Fucus, f 


Refer articles 6.3, A and 5.3, B 1 
39. Describe the structure and reproduction of Polysiphoni 
Refer article 6.1, B 
40. Diagram the life cycle of Polysiphonia indicating the 
mosome changes take place. R 
Refer article 6.3, B 
41. Write an illustrated account of the life history of 
regular alternation of generations in its life cycle ? 
Refer article 5.3,B i 
42. Draw the life cycle of Fucus and Polysiphonia and po 
differences exist between them. 
Refer articles 5.3, B & 63 B 
43. With sketches, compare the structure and mode of 
Vaucheria and Mucor. , 
Refer articles 3.6, N (algae) and 2.2, D (fungi) "P 
i i ccount of the modes M 
re MENOR. S Chae. Draw the limits of the two 
life cycle of each of the above types. 
Refer articles 3.6,J, I and O 
45. Write short notes on :— 
(1) Gloeocapsa— Refer s 21 
lamydomonas—Refer article 2.9, d 
a Giora of Chara—Refer article 3.6, O ps s 2 
(4) Modes of reproduction in Cyanophyta—Kete 
(5) Nostoc—Refer see FA (Nostoc) ^ 
s— Refer article 4. 7 Cw 
2 Hena of Polysiphonia—Refer article 6.3, B, paea 
(8) Bule green sun Pese nee jane D ; 
omic uses of algae—Re a s 
nn d of Nostoc— Refer article 2.3 (page 42). br 


(11) Dwarf male of Oedogonium—Refer article 3 ic 


(12) Vaucheria—Refer article 3.6,N 
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FUNGÉ 


emarreR 1. Introduction 


Ll General account of Fungi: 


i i 40,000 species: 
According Ainsworth and Bisby (1954) about i ec 
of fungi are Ne at present although approximately 1 ques 
Speers seem to be in existence., Fungi (singular : fungus) are fo $ 
fe ocur everywhere i.e. they are found in soil, water, air an 
mw in plant and animal bodies. The literal meaning of the term 
"fesguy is mushroom, and the study of mushrooms i.e. fungi is- 
Keown as mycology—a Greek word (mykes=mushroom, and 
). The fungi constitute a large group of living orga- 
is devoid of chlorophyll pigment. Other characters common to 
Da ants are the presence of true nucleus and distinct cell wall 
cell, 
pes pla 


but the vegetative body of fungi is thallus-like i.e. 


nts it is not differentiated into „stems, leaves and' 
» moreover the vegetative body of fungi never possesses 
tissues. 


A. DrriNITION— The fungi 


are chlorophyll.less thallophytes 
having heterotrophic mode of Dutrition, and diverse form, size and 
method of reproduction, They may be defined as 
Mycetozoa, which reproduce 
Sexually (Bessey, 1950). According to Alexopoulos 
(1962), fungus should be Testricted to the “ 
taring, 


ntaining cellulose,. 


of fungi, on the basis of mode 
Y e.g., (i) saprophytic and (ii 


of nutrition, are of 
fungi which live on dead or d 


) parasitic, 


1 SO Saprophytes but t 
8, e.g. Ascobolus. : hey are 


(refer page 574, Cy o 
" come dm Intimate contact With the elfe 


integration usion through the h 


Of the organic Matter w 
o si tiiv On other living 
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ag sss av live, they are called parasites The 

Cuba dn the Sn n i grow either intercellul 

the issue. hen fungi intract 

sp Min within the cells of host tissue, Fungi WEN 

y Send out specilised and modified absorbing organs 


Fig. 1.1—Different types of haustoria. A—Long flattened type. 
B— Bra nched root-like haustoria. C—Knob-like short haustoria, 
from Alexopoulos, 1962). NS 


(singular : haustorium). The victims i.e. living orga 
the parasitic fungi draw food are called the hosts. 
nutrients ie. food matters from the cells of the host 
help of those haustoria. In shape, the haustoria may bé 
short or long, unbranched or branched forming a mir 
system. These haustoria are developed as outgrowt 
vegetative body of the parasitic fungi. These haustoria 
penetrated into the host's living cells through minute po 
in the cell wall. The formation of haustoria is probavi) 
to the contact stimulus as well as to the stimulus of nut 
parasitising animal tissue are not known to produce 
Among parasites, different degrees of parasitism can ben 


n their food entirely from the 


ts and maintain their mode of life ) 
ee called obligate P 


of life throughout the life cycl 
called obligate saprophytes or o 
monoica. Obligate saprophytes are 
living organisms. 
(b) While some fungi are normal 
life but later on, acco 
life as saprophytes also s 
Jazultative saprobe (e-g. Ustilago). E 
Facultative parasites — When fungi passing ku 
as S sica in the beginning and later on, under certa 
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parasites causing diseases, they are called facultative 
e.g. Pestalotia. 


` again may be :— : 
AX When parasitic fungi grow superficially on: 
‘Of the host plant without penetrating the host tissue, they 
ectoparasites. Ectoparasitic fungi are provided with 
ins of attachment known as appressoria (singular: 
According to Priston and Gallegly (1954), an appre- 
is & flattened, hyphal, pressing organ from which a minute 
im peg grows and enters the epidermal cell of the host; with 
this structure ectoparasites obtain nourishment from the 
of the host tissue. 


asites—When fungi penetrate the host and ramify: 
° body within the tissues of the host, they are called 


pu which spend their entire life cycle on a single host plant: 


cious those which require more than one host to complete 
are called heteroecious. p 


but physiological 
it (P. graminis) is nota single 
to infect the members of the fa 
NEA enber Ure g 
exam spores of P. 
hosts such à 


studies clearly 
Puccinia graminis 


ular type of host etc.) by means 
cies or forma speciales e.g. 
z sasa vod on the host plant wheat (Triticum vulgare) 
a gramin; aad LS » Oat (Avena Sativa) 
pasas ss ^  » » Tye (Secale cereale) 
been seen that a subspecies is also not i 
on the same Criterion is xd Fabi] SA a dtr 


A ho i 
of Several varieties ich ae NP 710, 


€ reaction 


asis of t 
Physiologic Specialization 


ust fungi 
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mutually benefited. Sometimes fungi iv sl 
with the roots of gymnosperms pee Aum o 
between. fungal hyphae and roots of higher plants is 
mycorrhiza (literally, fungus-root) and the associated fungi 
mycorrhizal fungi. Although these two types of associ 
harmful but rather beneficial yet these associations are 
as mild type of parasitism, because some endotro 
fungi form haustoria by means of which they absorb 
cells of host tissue. Mycorrhiza may be ectotrophic 
Former type occurs in almost all forest trees (both gymno 
angiosperms), in this type many intercellular fungal. 
largely in the cortex and remain connected with We 
external mycelium—this forms a mantle on the outer 
short root and replaces the piliferous layer with its roo 
members of Agaricaceae are ectotrophic mycorrhizi 
endotrophic micorrhiza, the infected root contain Well 
hyphae running in the intercellular spaces and penetrating 
living cortical cells. External hyphae may be only poor 
All orchids have endophytic mycorrhizas. Species of Rhi 
examples of endophytic mycorrhizas. 


Some fungi may grow epiphytically on the surface oi ig t 
parts. without causing any major harm—these are 
Sungi. 
C. VEGETATIVE i.e. pee d 
fungi may be as simple as unicellu o: 
ibalority "dé body is made up oflong and ric : 
hyphe (singular : hypha). Hien E b y 
te by apical growth. Hyphae usua š freely ; 
Me fork mass known as mycelium (pue Bec 
may be hyaline or coloured, puso e 
tate i.e. without septa form , much anched 
Sila Th septate hypha, the protoplast ae pe 
intervals by partitions or y "n s a) mh continuous W 
intocells. In aseptate hypha, the p tho evil em Í 


ing i cross walls, hence the : 
ed muse lied with cytoplasm containing many 


7 ws on 

i be (a) ectophytic—when grow". gir 

ME nd ed ties oe EE Mut hu. 
ent of the mycelium of a tu g 

aida emerging from a germinating spore. 

varies according to types from a 

mycelium may be only a few microns 1 

as far as covering metres. dd 

j. € 

ition of the hyphal wall i.e. c£ ae 

Meany fungi— basically the cell wal d v pie 

aride showing 4 fibrillar appearance. ope comple 


i ell wall is compose N 
higher forme chitin having the formula (Cs Hs 4*4 


STRUCTURES— Vegeti 
lar (e g. Chytrids and 
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ae In 
i me salt or similar other substances. [ 

ay Probably the chief constituent, whereas in 

A different types of carbohydrates or mixtures of cellulose, 

c tallose, etc. constitute the Š : 

ceil In the cell wall of many 
callose (a complex carbohy- 
lignin-like substances and other 


— materials have also been 


In septate or cellular hypha, hyphal 
may contain one nucleus (uninu- 

t two nuclei (binucleate) or 
muclei (multinucleate) in each 
well Inhigher fungi, two phases are 
meted in the life cycle—firstly, in 
the hyphal cells are uninucleate, 

Ss called monokaryon or monokaryotic 


p ic mycelium ; and secon- TEM. 
Which the cells are binucleate, _. 
lled di 4 Fig. 1.2—Vegetative hyphae ofa 
and the yon odin ikary ed phase fungus showing both Septate (on 
` Corresponding mycelium is ft side) and aseptate i.e. coeno- 
yotic mycelium. Mono- 


t ) Cyctic (on right Side) types. (Adap- 
and dikaryotic mycelium are ted from Alexopoulos, 1962). 


as primary and secondary myceliu 
Other mem hyphal cells are multinucleate. In septate hyphae, 
k Er ee Led Or non-porous, Generally each porous 
Á with a minute pore at the ce tr 
ag ciens or nuclei and cytoplas Rta 


E 


m respectively. In 


| mic strands pass from cell 
* » 

- The Protoplast of fungi i 

8! consists of granul i 
Protoplasm, vacuoles are seen in the middle pe (uw d yer 
Portion. Vacuo! may contain reserve food matters and pigment f 
net The nucleus is distinct and typical—each nucleus i dodi 
ta Cow nuclear membrane, one or more nucleolj ind Aou 
Strands me organised into chro i 7 

division, e eo) ofthe nucleus is both mitotic wage, nucle ” 
Ribosomes Ve been demonstrated in the cytop] * 
‘mitochondria, Small, oval, cytoplasmic: o. relies “abo some d lu 
well deve ineytoplane S Tganelles 'aboy , 


Sometimes, alcohol) js 


x $ rch, this glycogen gi glucopyranose 
10 Solution. In Some fungi manitel ¢ ede js uration with 
E Proteins are 


May be modified as such :— angled mass of hyphae i.e, 
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(a) Plectenchyma—When hyphe grow together, ir 
become organised into loosely or compactly wooyen m 
it is called plectenchyma. Plectenchyma may be of 


1. Prosenchyma or Prosoplectenchyma—tin this ca 
is loosely wooven in which the component hyphae lie 
parallel to one another and their elongated cells are € 
guishable as such. i 


2. Pseudoparenchyma |, or Paraplectenchyma—In 
tissue hyphal individuality is lost, as a result h phal | 
distinguishable as such : hyphe lie side by side clos: 
cross-section cells look isodiametric or oval and 
chyma cells of higher plants. 


-—Pseudo paren 
issues. A—Prosenchyma. me 
D dau i Sclerotium in cross-sec! Por 
B-Selerouum mre dapted from Alexopoulon o 


D, E—Adapted from Mundkur, 


tium (plural : sclerot 
neret sa in herd 
ells are thick- 
i vom EE it is roun 
pert and resting bodies, ¢-g- 
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i indefinite solid 

Stroma : ata)—]t is a somewhat in : 

f formed pm BR Ros either prosenchyma or PE 

E yi Bostive structures or fructifications commonly 
‘develop in or from this structure, e.g. Daldinia sp. 


Rhizemorp he run parallely side by side and 

d aad ating Gast brown thick, hard and string-like 

“a which resembles the fine root-like structures of 

EERIBomorph has a thick, hard cortex and a growing 

Dike that ofa root tip. These structures are resistant to unfavour- 

Conditions and remain dormant until favourable conditions 

return. Rhizomorphs may creep under bark of trees or under- 

| round and serve to spread fungus from one favourable place to 
place of suitable food. 


E GROWTH OF THE MYCELIUM :— 


L By cell division—In most of the cases growth of the hypha 
takes 


by nuclear division followed by transverse wall formation 
between the daughter nuclei. 


H. By conjugate division :—In fact this method is a specialised 
ell division which occurs in case of hypha of binucleate 
Gikaryotic mycelium. In this case, the nuclei are oriented 

We by side and both of them 


divide simultaneously. Transverse 
! next formed in between the two pairs of nuclei. 


M HL By clamp connections :—In all maj 
EE Wki 


‘ [ ee | or types of Basidio- 
an interesting mechanism is noted to ensure that daughter 
- Írom conjugate division of 


me separated in the two 
À cells. This mechanism takes o 
Pike by the ° of special curved out- 
Called clamp connections which 
te formed 5 | & ] 
A C 


during nuclear division of 

cells. When a binucleate cell 
mp connections 
ent stages (A-F). 


i 


Te to divide, a short lateral tube 


> arises between the two 
1.4, A) and begins to form a 
Ook. Now the two nuclei 
K simultaneously and the lower 
nucleus of the upper pair passes 
Then the curved tube i.e. 
its single nucleus bends over 
e mes connected with 
cell R t mno clamp forms a 
e ich the nucleus of the " 
i P passes to the other end ig. 1.4—Cla 
Main cell, EN à septum is Teu oe mowing diffen 
E P Le.at the poj iei 
i ino er septum is formed uud Ross eat 
.. ` Caughter cells, eac] 
31—(ol. D 


pry 


pE 
j 


t 
T 


f 


FEE 


i he clam 
"E the bridge to divide the parent cell 
containing two characteristic nuclei 


Vd 
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This type of curved outgrowth actin 

U t g asa by- 
clamp connection. This type of division ooa 
which the two nuclei are not situated side by side. 


E. REPRODUCTION—Reproduction is the phen 
formation of new individuals having identical ch 
of the species. Three general types of reproductions are ! 
in fungi, such as (a) vegetative, (b) asexual and (c) sexi 
and asexual types do not involve union of nu 
(gametes) or sex organs, but sexual reproduction is 
the union of two nuclei or sex cells. At the time of the! 
of either asexual or sexual reproductive structures, wh 
thallus is converted into one or more reproductive ' 
that the somatic (vegetative) and reproductive phases do n 
in the same individual, the fungi are called holocarpic. 
tion of the thallus takes part inthe development 1 
structures and the remainder continues its normal somatic! 
fungi are called eucarpic. 

(a) Vegetative reproduction* —This type of re 
place by following methods— 


1. Fragmentation—Breaking up of the entire thalu: 
some portion i.e. hyphal filaments into one or more pieces, © 
grows into a new individual. 

2. Fission—This is noted in unicellular types (yeast 
vegetative cell simply splits into two daughter cells by € 


or transverse wall. 
vegetative i.e. P 


3. Budding—In case of budding, eni "€ 
rise small odtdrovità called buds, each bud Dies bee I "| 
cell and grows into a new individual e.g. Yeas eu 
fungi ascospores and basidiospores sometime 
outgrowths which cut off buds by budding. 

4. Resting bodie: also Digi as š 
suitable conditions are ava hose g! i 
tive bodies. 

b) Asexual reproduction—It 
FALE of new jdividdale ag 
reproduction ge plage y icant ductive 


s like sclerotia 
ilable and t 


of asexual f 
+ Vegetative reproduction is also considered as , ios mpm 
same mycologists. i aN 
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lassified as follows :— 
f spores may be c! 
The different kinds o. 


so 
Lee | 
ores are 
H. Sexual (These sp 2 
Awwal (These spores I. Asexual but I gere opi eia 
Memes ia tat they are d n paste ie. en m 
- i jon err T hence these are A al 
pomen Pel or 3 l spores. 
* NEN TM e Pre are diploid and — 
on ed part in alternation o 
LA. an EO prennon, 
pation of generati Š 
| | l 
| "e m Basidiospore Oospore Zygospore 
1. Oidia 
2. Conidia 
i —À or Aplanospores 
ae 
6. One Rust fungi 
Uredospores. 
Gü) Aeciospores 


k Oidia" (singular : Oidium)—These are vegetatively 
- ei oma from the breaking up of hyphae ; the 
hyphae break up into numerous, somewhat rectangular or rounded 
fragments called oidia. Oidia behave like spores. These are also 
known as arthrospores. : 
(b) Conidia (singular : Conidium)—These are non-motile spores 
cut off externally either singly (Phytophthora) 
(Penicillium) from the ti 


or in chains 
tip of a special aerial hyphae called conidio- 
phores or phialides 


to Bessey (1950), conidia may arise by the fragmenta- 
tion of the a ow herd © or of special h 


yphae into cylindrical, 
til—this type is regarded 


by himas oidial mode 

(c) res Swarmspores—These are endogenous} 

Produced unicellular, naked and motile spores having Š D 
pores are develo 


Spo „One or two 
pale he Ped he the sac-like Structure 

med at the tip of zoos orangiophore, e.g. 
Saprolegnia, Pyi + Phytophthora etc. eee 


Ning! are characterised in havin: ife cycle Specially 

when DK different :onsequently different types of 
“tes oy aoro is essentially meant for asexual 
ds uninucleate and d 
a te con, tion, 
72 and their Sermination int indivi 

JST; Saeed of "dert j Production by some aupa uals ç 
asema een i i spores Cor ding to Ste 
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Many authors suggest that Zoospores of fungi are 
motile form of sporangiospores. 
(d) Sporangiospores or Aplanospores—These ar 
endogenously produced non-motile and non-flagellate 
within the sac-like structure called sporangium d 
special erect hypha called sporangiophore, e.g. Mi 


5—Formation of oidia through 


io hyphal fragmentation. 


genously É 
accumulate | 
Phytophthora, Mucor etc. e d a 


f sexua ] 
Md "y unio “of two nuclei (may be 
re 


ed by meiosis. add 
fma e O Zygospores— These are es p em 
teristi Zygomycetes 
characteristic of 
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are formed as a result of the union of two morphologi- 
= metes. : 
= miran spores are formed as a result of the qu 
2 tically differentiated gametes i.e. male and js s: 
[e tics of Oomycetes under Phycomycetes an 
some Ascomycetes. 


i f 

jon—It is the method of the production o 

Led means. In fungi as in other living 

be sexual reproduction involves the fusion of two compatible 

Le. mutually tolerent) nuclei to.forma zygote nucleus. There are 

— typically three distinct phases in the process of sexual reproduction 
and these are .— 


amy—lt is first of the three phases. This phase 
AUR the union of two protoplasts bringing thereby the two haploid 
. fuclei close together in one cell. 
TP Karyogamy—Itis the second phase. This phase involves 
A De two haploid nuclei (which are brought together by 
‘plasmogamy) into one diploid ie. zygote nucleus. There may be 
b. in time between plasmogamy and karyogamy or karyogamy 
x my immediately as seen in many members of lower 
fungi. In higher fungi karyogamy is delayed more 
t my results only in the establishment of a binulcleate cell 
one nucleus from each i 


ed nuclei and Conjugate) division of 
! and bv the separatio f n 
© daughter cells. P n of the resulting 


Tyotic condition is established is 
tion and the kary € diploid condi. 
1s established is called diploidization. 

Š Karyogamy, Sooner 
Tomosomes to the haploid number. E US diploid 


and female sex AEN 


ns Occ 

occur on diff heterothallic whee d the same 
itterent thal; 

and unisexua] hali. T 


J t 1.e. monoecious 
Sep iene Pe heterothallic ie. dites 
‘= aod eae z by the + or _ sign dependin sd 
| eio fend ively. The Sex Organs d^ Md 
| iu call antium), Bametanpia may Brbdodi 
rid sexual i may produce undifferen, 
gamete nuclei. Gametangia may 
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be morphologically similar i.e. isogam 7 
ie. heterogametangia. OPE, E e 2 ho! 
similar gametes ie. isogametes while heterogameta 
morphologically dissimilar gametes i.e. heterogametes. ] 
tangia are diflerentiated into male gametangia called 
(singular : antheridium) and female gametangia cal 
(singular: oogonium). The gametes produced by am 
oogonium are morphologically different and are calle 
female gametes respectively. In fungi gametes may be | 
(planogametes) or non-flagellate (aplanogametes). " 


On the basis of the development, the sex organs ( ntheri 
oogonia) may be diclinous and androgynous. When anth 
oogonia are developed on different hyphal branches, th 
called diclinous. 1n androgynous type, both the sex org: 
developed on the same hyphal branch and the an heridium 
immediately below the oogonium stalk. Again on the basis | 
method of fertilization, sex organs (antheridia and oogonia)! 
amphigynous and paragynous. In amphigynous condit 
organs, the oogonium pierces through the antheridium 
base of the oogonium takes a funnel-like appearance and | 
within the antheridium ; at the same time the mature anthe 
left forming a funnel-shaped collar around the base of 
oogonium during this process of oogonial development. 
antheridium arises from the branch of the same hyph 
oogonium) or from a neighbouring branch and the ante 
is applied to the wall of the oogonium at the time of fe p 
called paragynous. Paragynous condition of sex organs 
fertilization is noted in androgynous type while amphi 
tion at the time of fertilization is noted in diclinous type. 

The various methods of sexual reproduction in 


grouped into following types :— oe 
1. Gametic copulation—This process involv 

gametes. When fusion takes place between two Je 

whether both of which are planogamous ` 

rocess is called isogamy. 


the pr 
heterogametes or anisogametes, 
puis or heterogamy- In heterogamy both he AE ' 
be planogamous orone of the heterogam pe 
pet lanogamous and the other 1-8. 


non-motile aplanogamous ; the former enters 


ili latter, €. . Monoblepharis. ; 
fertilises the latter, e$ in majority of fungi, games 


tead £ 
iato the outside, ID5 2. r | 
released from the gametangia a ass neil 
gametes are directly transferred from x n 


. In this process. $ 
e p gia, otherwise known 


ct with each other ; 
gametangium 


(oogonium) either t 
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disolu n wall of the two gametangia at the point 
of — = S formatoa of one or more fertilization pe 
developed from the male gametangium. After the migration o 
p or gametes from the male gametangium, both the gametangia 

jum and antheridium may eventually disintegrate or the 
ia maa only disintegrates while the oogonium continues its 
development in various ways. With the exception of few fungi, the 
gametes of the male gametangia are reduced to undifferentiated 
protoplast, each consisting mainly of a nucleus. 


3. Gametangial copulation—In this method the fusion of the 
entire contents of the two copulating gametangia takes place. This 
process may take place in any one of the two ways :— 


(i) Transfer of the entire contents of one gametangium into the 
other through a pore developed in the gametangial walls at the point 
Of contact of the two gametangia. This method is noted in 
holocarpic form where the entire thallus acts as 


a gametangium. 
(i) By direct fusion 


1 of the two gametangia into one cell—this 
takes place by the dissolution of the common contacting walls of 
two gametangia resultingin the fo 


rmation of one common cell 
in which the protoplast of the two gametangia mix with each other. 
4. Spermatization—This is the process by which 
te, unicellular spore-like : uns 


I bodies called spermatia (si i 
aSpermatium) are carried through various a fie tee ne 
Wind etc. t 


encies like insec 
o the female gametangia, R hdc i 


: Or to: special recepti 
of sometimes to somatic hyphae to wh k ee 


c r ich they remain applied. . The 
Le pass into those receptive Structures (which 
Q x naa organ) through pores formed by the dissolution 

walls points of contact. The Spermatia serve as male 


ible nucleus 
corresponding somatic cell by di passes into th 
* : y dissolvin e 
thus a dikaryotic condition is established. walls between them and 
Sexual Compatibility. In fungi | 
between : Bl, sexual i 
Was two which are contributed Be duc actually means the unio 
development of ible sexuality, ie, where settal cede female gametes in cases 
logica 1 ; oducti 
@ametes. It has been v th: ly distinguishable male and fence. Place by the 
fach other and j hat the two nuclei having some amo metangia and 
tbem to unite—such Unitin an Ue to the presence of some nity unite with 
Mile, tae be nuclei tail to unite, TOR as compatible. "sO S which hel 
Similar i unite, and the i e. there 
conditi d nucl are 
Rebate male and female tei Majority of fongi ara e called income 
Sexually self-sterile Organs on the sam reduce clearly distin. 
e thall y distin 
female organs due to absence of ssir male ° ae but eui (thalli) may 
actors patible wi 
categories a gee Alexopoulos (1962) has caine compatibility, Yt their 
$ <a sified mi 
both mas mapa Te (also designated as Os fungi into three 
Monoecio 
(8ametangia), Us, 


j—Here each thallus bears 
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2. Dioecious (also called dimorphic)—In this, some thalli ‘on 
organs while some other thalli bear only female Sex organs, kd : 

3. Sexually undifferentiated —In this case, sex organs are prod 
are not morphologically distinguishable into male and female, —  — 

On the basis of compatibility, fungi in the above sex categories my 
any one of the following three groups :— ' 

a. Homothallic fungi—Those fungi in which every thallus 
fertile; fungi under this group can reproduce sexually by itself 
of another thallus. 

b. Heterothallic fungi—Those fungi in which every thallus 
sterile and theretore requires the help of another compatible th 
mating type for sexual reproduction. A 

Heterothallic fungi again belong to any one of the following two € 


() Bipolar heterothallic—Fungi in this group consist of two matin 
individuals which differ in their genetic make-up for the compatibility U 
mating type carries the gene A in each nucleus, and the other mating 
the gene a in each nucleus. Only thalli whose nuclei carry o 
Mendelian pair Aa are compatible. T 

(ii) Tetrapolar heterothallic—Fungi in this group consist a 
types of individuals. Here compatibility is governed by two - 
as Aa and Bb located on different chromosomes. Only th Son) 
opposite genes of both Mendelian pairs Aaand Bb are 

zygote has the genotype AaBb. f 

c. Secondary Homothallic fungi —In some bipolar heterothallic 
spore formation, two nuclei of opposite mating type ne alio 
in each spore. Each spore on germination therefore pr y 
contains both A and a nuclei and naturally behaves as tho Ë 
This condition is called secondary homothallism. : mE 

F. Lire Cycre—Like other living organisms, Fungi : 
cycle of haploid and diploid structures correspo pape 
and sporophyte of higher plants. The diols =a n 
fusion of two nuclei ie, karyogamy an de iet DOR 
In a true i.e. norma 4 A 


1 sexual cycle, three ante 

i .e. diploi 
smogamy, karyogamy (nuclear fusion 1 
plasme haploidization) occur in a regular sequence owe 
specified points in the li 


fe cycle of an organism à 
y Reproductive structures (n) - E 


Vegetative body (n) 
(haplophase) EE 
Dikaryophase 
(n+n) 
Karyogamy 
ipl tut (2n) 
Spores () ny4- ——Meiosis— Dip lop! 
(haplophase) nerations is 


i ion of ge 
inct alternation O pose 
d iploid phase oid 
of most fungi, “the dip < hápl 
AE portion of the life cycle than does m: 


i Jonts or diplont. 
The hyphae of fungi are also called bs pen ar 


n 
to the haploid (n) or diploid 64 nat some 


karyogamy and melos 
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i asexual 

specified life cycle. Such a cycle is known as pari 
E ^ Mn Nis parasexuality. Parasexuality eer 
` in 1952 by Pontecorvo and Roper of the University o 


i icella 
dulans and perfect stage of Emerice 
s. Re coats m in connection with Deuteromycetes, 


] cycle 
above tioned chart shows the general scheme of the sexual 
is fangi. M my again be elaborated into following four types :— 


Haploid eycle—In this type meiosis occurs immediately after nuclear fusion 
: nem ibis are then dispersed. Therefore the diploid 
" short duration. Members of many Phycomycetes and some 

exhibit this type of life cycle. 


| | 

i V karyogamy 

Haplophase (n) Diplophase (27) 
| meiosis 


2 Haploid dikaryotic cycle—This type is similar to former type except that 
m Compatible nuclei persist in close association “in the same hyphal segment 
) and divide synchronously, for a greater or lesser period.” This 
type is seen in many Ascomycetes and some Basidiomycetes (Ustilaginales). 
plasmogamy 


ETC B ~ — — —Dikaryophase (n+n) 
Diplophase«— | 


iosi karyogamy 


& meiosis (2n) 
Haploid-diploid cycle In this type haplophase and diplophase alternate 
succession. n a few species of aquatic Oomycetes of 


regular It is found i 
(So SRG eee 


Í 


X 1 plasmogamy & karyogamy 
fo or (n) Diplophase (2n) 


[ 
4 " . 
" meae gelea this Taype the diploid phase is elaborate and the haplophase 
eu api E Structures ; the haplophase is followed 
Genediately és ne ype is usually noted among large number of 
DipopaseQo) — —  — 


i meiosis 
Reproductive Structures (5) 
plasmogamy & karyogamy 


BER... 
CATION Fungi are divi 
into four classes mainly. Of all the (ect by most o 


= ; tes, 
be eh ofa mats (fourth) still Qi EN oot tore 
main class of Fungi Imperfecti are reduced a 

ed or 
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incompletely known. The outline of t a 
Vaughan and Barnes is given as follows e E 


pi- 


| 
Mycelium usually 


aseptate 
l 
Class I Phycomycetes Charo qi 
x I spores are 
] | ascospores 
Mycelium Mycelium P 
absent or well Class IT 


rudimentary ye Ascomycetes 


1. Archimycetes — | | 
e.g. Synchy- Sexual re- Sexual re- | 
trium, Olpi- production production Number of 
dium etc. by dissimi- by similar basidiospores 
lar gametes, gametes, the | indefinite 
the result result is 
is oospore zygospore 1. Hemibasidio- 
mycetes Bas 
2. Oomycetes 3. Zygomycetes | e.g. Ustilago, 
e.g. Sapro- e.g Mucor, | Tilletia etc. 
legnia, Phy- Rhizopus etc. 
tophthora etc. 


I I E 
Ascocarp rounded, Ascocarp saucer- Asci in parallel etc. 
Asci in ascocarp shaped. Asciin series. Asco- 


irregularly ascocarp lie in carp flask- 
arranged. parallel series. shaped. 
1. Plectomycetes 2. Discomycetes 3. Pyrenomycetes 
e.g. Saccharomy- e.g. x ipid EA 
ces, Penicillium, Ascobolus, Y X 
Eurotium, Helvella etc. Laboulbenia etc. 
Erysiphe etc. uem 


E. A. Bessey (1950) classified true fungi into fi a 


Phycomycetes, Ascomycetes, Basidiomycetes | et eM 


included Mycetozoa under Fungi separatin 
ie from the fungi ; therefore Bessey design 
excluding Mycetozoa as the True Fungi. 


š + into three Q 
i 1931, 1941) classified fungi into 

NLIS Ascomycetes and Basidiomyces 196 
classes viz. Fungi Imperfecti and Lichens. die 
Fungi as subdivision Eumycotin Loss, ud 
Phycomycetes, Ascomycetes, and Er vee 
Pes viz Lichens and Deuteromycetes (Fung š 1 

Alexopoulos (1962) designated the ar ee seh 
Mycota is given the rank of a een As g, io ii 
divided into two subdivisions, ¥/2- the ven m disis 
molds) and the Eumycotina (true fungi). 
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form-- 
! Le. true fungi are subdivided into eight classes and one 
2 s follows :— 


i i structures, whose: 
— i with variety of thalli s 
b. = Red vh ME iG whiplash roue hdi: wii 
[dg ortis tridiomycetes—A small group of aqua 
=a with a single peer tinsel acea MEI E Ms 
Oom ith well-develope t ther 
Ope dn flagella, one Beat ok pe ang a 
Sexual ctm resulting in the formation of res 
as P i i wi - multi- 
from orta acest fungi nm bee enirn, m 
in the cells of their hosts. Res d ee UD aoro 
but not in distinct fruiting bodies. Motile cells po 
Class ygom ftes—Saprophytic or parasitic fungi with a well eed 
pen celium. Sexual reproduction resulting in the [dpa js 
o (apecepore) formed by the fusion of two usually eq 
cells are not formed. i tons 
Trete Fun ie lg the Ad ag living- 
to digestive i 
S oona by a variety of spores. Sexual reproduction 
is like that of Zygomycetes. 
Ascomycetes —Fungi which fo 
Special sac-like structu 
idiomycetes—Fungi whi 
the surface of special str 
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icture and asexual reproduction, resemble the 
tes, but in which sexu 


Í 
j 
i 


G. B. Stevenson (1967) has classified Fun 


gi into following :— 
Fungi ii Mycota 


[ p asd I | l 
Chan 1. Class 2. Class 3. Class 4. Class 5. Class 6. 
Cmridiomy. Oomycetes. Zygomycetes Ascomycetes, Basidiomy- Fungi Im- 
Stes. It con. Contains 2 Contains2 It iş divided cetes. Sub- perfecti 
tains 3 orders ers e.g. Orderseg. as follows: class A. or Deu- 
ot 1. Saproleg- 1. Mucorales A. Subclass Hetero- teromy- 
2. Dialesand “and emiascomy- basidiomy- | cetes; It is- 
Sodales and 2. 2. Entomoph- cetidae. Order cetidae divided 
Monoble. porales thorales, 1, Endomy- order 1. into 
Pharidales. cetales, Order Ustilagin- following 
2; Taphrinales ales, Order 4 orders : 
B. Subclass 2 i 


redinales Order 1. 
Enascomy- 3. Tremellales 

cetidae ubclass B, idales, 
Order 1. Plect. Homo- ieee 
ascales, Order b 


O; 
I asidiomy- Melan- 
` phaeriales cetidae Coniales, 
í Clavicipitales Order 1. i 


4. clotiales Aphyllo. pel 


Jiales or 
5 hacidiales horales, yphales 
ezizales + Agaricales 4. Myce- 
3 Supe tales 3. Gastero- lia Steri- 
T myc . i 
culoascom nies e 
Cetidae 


RE Dothidiales 
. leosporales 
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12 Degenerati 
sexual sepecditden s of Sex in Fungi—In 
through the develop aen s T by bees g 
" e sexual reproducti ote. in lower group * 
or oogamous. j ction is typically i 
Basidiomycetes m ANE groups of Phycomycetes, All 
direction with the dee processes proceed in an alto, ethe 
sexuality is still preserved. It is simplification oa 
in fungi. . It is often termed as ‘degenerati 
Degeneration : 
of ‘sex organs eae monn functional or structural 
degeneration of sexuality. pn of ee 
simplification of sexual re iod ion E shona 
of sex”. Thus in highly e eed uction” rather than “d: 
a a sa y evolved members like basidiom) 
prevailing: organs but highest degree of sexu 
The Oomycetes of Phycom i 
ictal nsdroddct ttd ycetes represent fairly adv 
exi production i.e. oogamy—in O i 
eidid ara d y—in Oomycetes oogonia 
j eveloped, the result of sexual fusi 
formation of oospore or zygote which i eyed in 
Zygomycetes the sexual Serroduei ea Bu MEA 
copulation. The sexual reproduction in me ^ ; 
means of conjugation of two similar coenogametangia 
physiological strains (++ and -), still exhibiti dioecious 
the hyphe. Gametangial copulation iiy bé cdd Ç 
degenerated state from oogamy. The union between the gan 
- comparable with the union between oogonium and an 
o in essential features it is similar to oogamy but the morpae 
expression of maleness and femaleness is abolished here. 
In Ascomycetes, typical oogamous reproduction is n 
some members, e.g. Pyronema Sp. n those forms 
(equivalent to oogonium) and antheridium are fi 
between the two organs takes place. After association be 
nuclei in the oogonium, ascogenous hyphe bud out 


cell contains male and female nuclei. The cell of the 
duce the ascus possesses à 


hyphe which is destined to pro 

sex nuclei (one male and one female nucleus). After n } 

and reduction division ascospores develop. 1 
In different members of Discomycetes o 

gradual and progressive deterioration of 

simple method of sexual reproduction: 

went a functional degeneration and finally structur 


was the result. 

In Aspergillus herbariorum the antheridi 
Jess. The antheridium coils round the 
establish contact wi the receptive Organ, 
union takes place in such cases between two 


um is present but 


oogonia’ 
trichogyne- 
nuclei of the 0 
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us fungi, the formation of antheridium no- 

SEIS a in some fungi producing lichens (e.g. Collema 

guiponum). In those members union takes place between the oogonium 

WM some asexual spores like conidia, oidia etc. Thus the d 

of um isreplaced by some asexual spore which is nally 

by somatic hypha as in Humaria granulata. But the uniting 

and the hypha possess nuclei which are sexually i.e. physio- 
distinct. 

Ultimately, culmination in such structural degeneration has been 


Miained in Humaria rutilens where union takes place between two 
Somatic hyphe which are sexually distinct. Thus great simplification 
has been achieved though sexuality is still pr 


esent. 
In Basidiomycetes no trace of sex organ is present though in 


rust (Puccinia sp.), some authors made attempt to identify 
them. r,in Basidiomycetes union takes place between hyphz 


Of sexually distinct strains leading to plasmogamy. Nuclear associa- 
tion takes place in cells of dikaryotic mycelium in case of hetero- 


thallic members. Karyogamy or union of gametic nuclei (?) occurs in 
young basidium. 

Thus in Basidiomy 
by the monokaryoti 


l 


cetes the function of sex o 
c mycelia. The monokaryotic mycelium is 
developed in most members e.g. Polyporus sp. In 

Ustilago zeae (smut fungus) the monokaryotic stage is not very exten- 
wx developed. oe Tilletia CN fungus), union takes place bet- 
Idiospores of comp ementary strains. Thus the 

Mycelial structure has been repl i 
mda (loose cil placed by basi 


fottgus): pis Lidiespores. In Ustilago 
it mogamy ta i 
between two basidial cells c gamy es place by the union 


, k having opposite complementary strains. 
in Basidiomycet 
Te of such "degeneration" ]i 


rgans is accomplished 


tional pattern of fungi 
-UOPic mode of life in fungi ne 
Teproduction 5) “pl .UDBi Necessisated the process of 
: ple by eliminatin the acce 
a union was maintained. i a og he 


0 Dissemination of i 
> the survival of species. Disse ao 


ecies, mination i.e, i 

os ion agencies like wind, JU iom na 
different available. Dissemination of i 
mainly mycelium and by s ities 


A e carried 
" E ous Proper conditions for growth. de ata 
M ic. 765—Fungi produce tho 
EES means for the dispersal UT NAP 
Minute, ipa oat to various Conditions, F 
Era ntity so that most of the Spores m ind 
PIS iud Proper conditions for growth. the Š 
9r the survival of Species is a ve 
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of fungi— hence to increase the number of s 


developed amon 
following types a themselves several devices which are ma 


1. Polymorphism i.e. the i 
6; product i kinds 
Es the same fungus e.g. Puccinia ; all oes s o dig 
ion of fungi in different forms on hosts poc a Ë 
2. Increasing the spore beari r | 
. e aring s 
in members of Agaricacece so that an AA dd [ 
quantity for dissemination. T PM 


3. Increasing the spore bearin i 
à g capacity o 0 
by branching of sporophores, by dia pA of i 
spores, chains of spores etc. as noted in Aspergillus, Peni 
4. Producing secondary, tertiary etc. spores. 


For the rapid dissemination of spo d I 
monly found. Liberation of spores in bins her p 
disintegration of the host tissue, by hygroscopic move 
sporophores, by ejection and other methods. Dissemin 
liberated spores is effected by wind, insects and water. 
spores are disseminated through plant organs like seeds, see 
nursery stock. Sometimes fungal spores, after successful 
tion may not germinate due to want of suitable conditions for | 
in the new area invaded. In such cases, fungi form sp 
spores or dormant structures called hypnospores ; 
zygospores, oospores, teliospores etc. are also examples 


spores. 
In some fungi there are no 
dissemination ; in such cases spores, 
phores or on the conidiophores, are carried by various 
wind, insects etc. Air currents i.e. wind, insects and other 
are the most important agents for spore dissemination in 


fungi. 1 

i mature spores Re violently d 
rophore through a special and often complica 
I, Ss : In many Ascomycetes, ascospores are 
ithin the ascus, the s, 


special mechanisms for $ 
remaining in the ruptures% 


spo 
place from ote members of Phycomy 


In most aquatic 
tile zoospores. The p 
To F )are forcibly libera 


hore throug I 
Tatilago etc., are disseminated by air cu 
these wind borne spores are minute, light and | 
are disseminated by insects and animals are either 
smelling. The spores of Ceratocystis sp- i 
insects. The spores o ungi, € 
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š š 2 jadis 

Psolus, ., are disseminated by herbivorous anima 
goats, cattle, Ea These animals eat herbage containing 

= ultimately spores come out of their body through excreta and 
disseminated from one place to another. 


Economic Importance of Fungi—Economically fungi are 
maw plants es of their both harmful as well as bene- 


Harmful economic aspects of Fungi—Fungi are the chief agents 
possible for most of the disintegration of Organic matters and 
hence affect us by destroying our valuable crop and timber 
phat, kinds of food and food products, fabrics, leather and 
ether consumers’ goods that are subject to fungal attack, Fungi are 

responsible for the majority of plant diseases and also many 
E animals as well as of human beings. Some of the serious 
of human beings €.g., the diseases of ski 
isi as well as bronchial and intestinal disorders are caused by 
groups of fungi. Several ate human 
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by causing plant diseases. Of 
: of crop plants, ‘damping off? dise. 
Caused b 


ases of youn 
seedlings y Pythium debaryanum, ‘late blight’ or ‘rot’ discate 
Wf potato plant caused by Phytophthora infestans, ‘downy mildew’ 
diseases of crucifers caused by Peronospora parasitica etc may be 
mwstioned. The various members of polypores among the Basidio- 
mycetes are Tesponsible in causing Serious diseases and damages of 
timber and lumber yielding plans, railway sleepers woode Dill ‘ 
furniture etc, The members of “rust” (Puccinia) and ‘smut? (Ustil Wo 
Tilletia etc.) are also highly destructive to variou Mise 


. s 1 
» Maize, oat, barley etc, different cr op 


economic aspects of Fungi—Besides so man i 
» fungi are also beneficial to apri dub t 


agricultural and indus- 


Hr 
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jority of saprophytic 
by in ucing various ch 
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eer » beers, 
ot of ye 

€y are also utilised in the ro Mau 
Sp. few 
ous 
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of the fungi 
Bs fa pé Fdo» enzymes, alkaloids anq 


B 


1 jns Betabolic products + the tious other 
5 Ate of great economic importance, B oe. metabolic 


Important 
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metabolic products 
antibiotics either pple e fungi is tio Oa 
micro-organisms— nhibit the growth ol Sams 
eti s—hence antibiotics prod s f 
- in the manufacture of drugs a te eps - 
n 1929 Sir Alexa nd also for other vario 
nder Fleming f. | 
fact that certain fungi could ba ny the a time m 
drug ‘penicillin’ is an antibiotic Subota apes 
notatum and P. chrysogenum Thi pes 
uc cep an Š therapeutic agent EE d 
. Similarly, the antibiotic ‘ i 
Streptomyces griseus is now herein ^ y fo TX 
pulmonary tuberculosis. Other im rini aj padi 
vos i agents are ‘neomycin’, pola ac 
š ow-a-days non-therapeutic ‘biotic sN 
importance. The effect of th Seed Me as sby 
of antibiotics is studied. Similary, pati ite being 
days largely in controlling the growth and diseases of cel 
e i ie t o fujikuroi is the source of gib 
widely as a growth romotin i 
of growth patterns of various planté. duc 
The various types of alkaloids obtained fi i are | 
E rom fungi are ais 
as medicine. The sclerotia i.e., the so-called ‘ergots’ t the 
Claviceps purpurea contain a number of alkaloids which are U 
stopping haemorrhage after child birth. ' 
Some fungi e.g. ‘mushrooms’ (Agaricus 
‘morels’ (Morchella esculenta) etc. are used as hu 
nly called ‘t 


species under the gen 


truffles are used large 

their good flavour. In Italy and France tr 
export. Agaricus campestris bisporus is widely cultivate 
low cost of production, this fungus forms one of the most © 
dishes and is sold in the market as fresh mushroom of 
and made into soup, sauces and other food products. fT 
of some fungi, €.» «puff ball’ (Lycoperdon sp.) also 


when young. 

Besides the above mentioned economic im 
fungi are also important from the view point of ac 
Now-a-days fungi are no longer the only 
Geneticists, Cytologists and Biochemists 
rtant in the stud 


be importan research. tools in 
and genetical studies Were m 
aw 


the study O 
being used since š 
a series of experiments on Neurospora ha 
of a new branch of science wh h isa 


Cytological 
Neurospora. For 


Origin of Fungi— Regardin 
i ools of opinions. Julius 
aumann (1926), Carl 
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ne school; they believe that fungi have originated 
Bi otter botanists e as George F. Atkinson (1909, 
i Fischer (1933) and others belonging to another school 
fungi have derived from colourless organisms lower than 
the protozoa. 


onents of algal ancestry of fungi suggest that some 
which had lost their green pigment in course of time and 

came heterotrophic in their mode of nutrition, had given 

fungi—this type of origin has taken place in diverse lines 

phyletic series instead of monophyletic series. According 

comycetes and Ascomycetes have evolved independently 

fent groups of algae while the Basidiomycetes have evolved 
omycetes. 


ng the actual algal ancestor of Phycomycetes there is a 
roversy among the botanists. Some suggest that the Chy- 

Phycomycetes have evolved from unicellular members 
‘ontae or Xanthophyceae, the Saprolegniales from the 
Siphonales and the Zygomycetes from the members of 
Ofthe division Chlorophyta. 


larities between the vegetative a 
> in the similarit » 
(florideae) of 
ycetes from 

[ph 
ea t erent sub-classes and i 

: Polyphyletically orders of Basi 


t ters of protozoan ancestry of fungi 
c. f 81 suggest that 
nave evolved from some colourless unicellular motile SERA. 


fst to suggest that the Chytridales of Phyco- 
have originated from some 


The origin 

Discomy- 
by Bessey, 
diomycetes 


CHAPTER 11 Phycomycetes 


2.1 General account of Phycomycetes $ 


The Phycomycetes are considered to 

fungi; members of this class are AC "d : 
degenerate alge, hence they are also called algal 
members of Phycomycetes show similarity with some 
regarding their morphological structure and their yet 
reproduction. According to Ainsworth and Bisby (19 W 
Phycomycetes is composed of 254 genera and 1,300 species. 


A. OCCURRENCE—Members of Phycomycetes are sti 
phytic and strictly parasitic, some are facultative s: 
parasites. Most of the genera are aquatic ( both fresh-w 
water i.e. marine ) being parasitic on plants (mostly lower 
animals. Aquatic saprophytes are also encountered on 
materials e.g. on vegetative debris and on the dead re 
and insects. The aquatic members are commonly know! 
moulds*. Some members occur in the roots of higher p 
are mycorrhizal. More advanced members of Phycomyce 
be amphibious, occurring as parasites in many organisms, at 
as saprophytes on damp soil. The highly advanced 
parasites on terrestrial flowering plants, some are also sapropny 

B. VEGETATIVE SrRUCTURES—Among the Phycomycetes, the 


tative structure ranges from small globose ce nicel 
ble of indefinite 


The thallus 
nucleus which may b ; 
it may be a simple or slightly b 
what advanced members t 

vegetative body consists of a weakly develo 
of rhizoids viuda ris lt (ea d 
types possess profusely ranched, wel 

‘ate mycelial thalli spreading on he substratum. 
hallus 2 bo opat iad 
mation takes place uring 

iiis dés d in older portions ur Il 
members of the class. In primitive me es onion Bd 
ie. the entire thallus is used up in ener memb a 


etes) ; 1 
(spores and game! ) i ed in the form: 


i tely 
f all Phycomycetes IS comple 
"à definite wall, which is either one 
tylglucosamine (Foster, 1949) 


The protopla 
surrounded by 8 
chitin which is an ace 


the 


i 


EJUS a asss 
a Also spelled as molds. 
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ding to types. 
formula or of cellulose accor a 
Ee <a Bi E ted ; vacuoles may be m dani ^s 
PIS Š joa Es central vacuole with proce bee aes 
de wall, Most members are multinucleate and with larg 
vf small nuclei ; some are uninucleate. 


€. Rerropucrion—Both asexual and sexual methods of repro- 
doction are found in the Phycomycetes. 


iospores 
Asexual reproduction takes place by zoospores, p ids 
(aplanospores) and conidia. Holocarpic genera 
omn Sin into a large and indefinite number " ate 
a have their spores formed within sac-like struc 
called Eo». these sporangia are frequently none terminally, 
va erect and special hyphae called sporangiophores. ces 
Spores within each a is Says T e a (aluo T ie 
genus be small or large. Spo 
e" vt nidis are non-flagellate spores. coer are 
faked ie. without walls and are either uniflagellate or biflagellate. 
The uniflagellate zoospores have their flagellum borne at the posterior 
Of anterior end ; the posteriorly placed flagellum is of whiplash type 
While the anteriorly placed flagellum is of tinsel type. Biflagellate 
Joospores, whose one flagellum is of whiplash type and the other is 
Of tinsel type, may be either pear-shaped with anteriorly placed 
flagella (primary zoospore) or kidney- or bean-shaped with flagella 
often inserted laterally in a furrow. The biflagellate zoospores of 
some aquatic Phycomycetes exhibit two periods of active movement 
Separated by an encysted phase—this phenomenon is known as 
Zoos 


2 pores of Saprolegnia show diplanetism pheno- 
Menon. In Saprolegnia, at fi 


rst pear-shaped zoospores ( primary 
zoospores ) with two anteri 


e o iorly placed flagella emerge from the 
sporangium ; after swimming activity, 


each zoospore loses its flagella, 
founds off and encysts. After a few hours a bean- or kidney- 
shaped zoospore, bearing two flagella laterally inserted in a furrow, 
emerges from the cyst and on a suitable substratum puts out a germ 

and Ops a new mycelium. Such a kidney-shaped Zoospore 
With laterally ry Or diplanetic 
7oospore and the ph S type of zoospore 
S only one type of 


sertion 
etd 
repeated 


x i 
In some members, th os Polyplanetism. ey described as 
» the hyphe ; 5 
Spores Called chlamydospore Whee a mydas esi thick-walled 


amydospores behave as 
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Testing spores during unfavourable Conditions, again with 
of favourable conditions the chl ee 
pel M chlamydospores germinate 
Phycomycetes show various types of sexual repro 
(i.e. thalli) may be homothallic or heterothallic, koloti 


Different methods of sexual reproduction noted among 
members of the Phycomycetes are as follows — 


(1) Gametic union—In this method, union between 
developed gametes takes place. The uniting pair of gan 
isogametes (e.g. Olpidium) or they may be anisogametes. 
union between two free motile anisogametes takes place ; 
e.g. Monoblepharis, anisogametes are differentiated into 
developed within the antheridium and an egg or oosphere 
within the oogonium—here the egg is fertilised within the 
by an antherozoid showing thereby oogamous type of ga 


(2) Gametangial contact —This type of reproduction 
Saprolegnia, Phytophthora, Pythium etc. In this type, contact | 
the two well distinguishable gametangia viz. antheridium 
nium is established through a tube-like structure develop 
antheridium. The tube-like structure is called fertiliz 
which penetrates the oogonium wall. The Mee 
only male nuclei (=male gametes) embedded in a mass. 
while the oogonium contains one or more female gam 
Alter the establishment of contact between the V 
and the formation of one or more fertilization tubes, the 
together with cytoplasm are discharged in the oogonium. 


(3) Gametangial copulation—In this type, uni ae ; 
gametangia, whether iso- or héterogan ue ak DON 
gametangia do not contain well organise: ee Ad 
nuclei embedded in a mass of crop iuueni 
nucleate undifferentiated protoplast of ove eh 
a zygote (zygospore). Gametangial copulati 


Rhizopus etc. “i : 
In all Phycomycctes plasmogamy, is iino M a 
karyogamy resulting in the formation N uo epe 
pow as the case may be). : m ee 
walled non-motile abe ap Mp pic 
i which is > je 
grata, the germinating zygote (oospore 


iotic. 
: p, Lire CycLE—In the life cycle of Pay oo fore a 
di ision (meiosis) of diploid zygote me hae 
pua (zygospore) germination ; so here 
St ge esr of sexual gametophytic 


les 
p life history, both. asexual enm 
mprises 
marked. Haplophase co 


there is 
tes at t 
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on as two 
; dikaryo: is very short, and starts as soon, be 
i sorgen briser Sopuner by plasmogamy ; P B a x 
y be absent often. Diplophase starts when zygote 1s 
o immediately after plasmogamy. 


an Asexual 
| germination Cycle 


‘Somatic D (n)— 
`: 


-» Gametangia (n) 


Y 
Mie ag (m) | 
S pid 
Gametic or 


Gametangial Sexual 
VENT VII WRNET S sehe ce union Cycle 


| 
Plasmogamy : 
dikaryophase : 


š i Karyogamy.... ......... : 
: diplophase : 

— —Spores (1)-—— — — —Zygote (ntes 
meiosis 


E. CLASSIFICATION—According to the structure of thallus and 


ES reproduction, Phycomycetes may be classified into 
J three main sub-classes (Gwynne-Vaughan and Barnes, 


Sub-class 1. Archimycetes—No formation of mycelium ; th 
thallus consists of a large single cell. E e ae 


lpidium, Synchytrium etc. 

Order 2, Ancylistales, Gen » Ancylistes etc 

3. Protomycetales. Genus : Protomyces, 
Sub-class If. Oom cetes—Mycelium i 

E AA ycelium is well developed, 


union or Bametangial contact t e 
This sub-class contains five orders as foll t 


Blastocladia 
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Sub-class III. Zygomycetes—Mycelium is well d 


reproduction is of ametangial i 
two orders as follows — emi 


Order 1. Mucorales. Genera : Mucor, Rhizopus, 
Order 2, Entomophthorales. Genera : Entomopl, 


F. PHYLOGENY—Like other groups of fungi, the i 


Chlorophyta. Sachs (1874) beleived that the genera of Š 
are derived from the siphonaceous green algae, Chytrit 
been regarded as “retrogressive” forms from the higher 
cetes. There are also great similarities between 
members of Chlorophyta and Saprolegnia like 
Phycomycetes ; in both of these the growth of the th 
Sex organs are similarly differentiated oogonia and antheri 
thallus is. coenocytic containing many nuclei, moreover t 
same type of serum reaction (Mez, 1929). Bessey (1942) als 
in the algal origin of Phycomycetes. According to him P 
have originated from some unicellular and biflagellate 
Xanthophyceae. Sparrow (1958) believed polyphyletic 
of aquatic Phycomycetes. According to him ""Phycomycete 
homogeneous monophyletic group but rather an artificiala eg 
coenocytic zoosporic fungi” comprising four groups. Di 
of amoeboid movement in the zoospores of certain Ch i 
to indicate a possible relationship with Myx 
with the Euglenophyta. Another popular view is that ñ 
cetes may be descendants from Protozoa through p 
flagellated zoospores and gametes of Chytrids bees : 
more closely than they do the reproductive ce: a o 
Origin of higher Phycomycetes (aflagellatae) (le RN 
"because the characteristic sexual process has dk d 
other fungal form." Supporters of a So 
Phycomycetes with the members - x d fies di 
Zygnema etc.) of Chlorophyta because set acs cea 
of gamete formation and also in the p 
greatly differentiated gametes. 


2.2 Structure and Life history of some members ; 
cetes : 


A. SAPROLEGNIA Y 
ily Saprolegniace® 
Jegnia belongs to the family gr 
PE- ai under the sub-class Oomycetes of the 3 
cetes. A €-—: 
Saprolegnia with about 25 species, 1s con vitae 
mould’. Most of the species are XA of , 
saprophytes deriving their food from the : Ee 
other animals, and from dead leaves, twigs, seeds : 
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s are also parasitic on fishes (S. parasitica) causing serious 
—A few species may also occur saprophytically on soil. 


body is the coenocytic mycelium which is composed of 
f hyphae, e.g. (1) the branched rhizoidal hyphae which 
nutritive substratum for the purpose of anchorage and 
of nourishment, and (2) the mass of slender, extended 
inched hyphae lying outside the substratum forming 

cottony growth, at the tips of which the reproductive 
a ped. The tips of hyphal branches are tapering. 
se contain granulated, multinucleate and vacuolated protoplast. 
il wa contain cellulose. Vegetative hyphae are coenocytic but 
formed in the hyphae just below the reproductive organs. 


Saprolegnia reproduces asexually and sexually. The 


š is eucarpic, reproductive organs develop at the tips of hyphae. 


the tip or apical 
sh, 58 vegetative 


come, O larges and 
mes long, cylindrical 


Fig. 2.1—Saprolegnia s 


the mycelium with yo Ds ee rtion of 


, ure - ung sex organs, 
arge number of nuclei together wi 
: th 
Zoosporangium from the vegetativ Misi tn fowo 


into a biflagellate 

a 28 utilised in the formation E Zoosporangium the 
ZO Ospore is pear-sh. * " 

^ at the anterior Saa a id s 


tw 
e.at the apex. flagella 
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These pear-shaped zoospores wi ical flagella 
this cylindrical and penina iiia - salle 
zoospores. Finally these zoospores escape one after the oll 
the surrounding water through a large pore formed at the tij 
sporangium by dissolution; in water they swim about 
period, come to rest, become rounded after dropping 
encyst by the formation of a wall around them. Aftera 
period, the protoplast of each primary zoospore comes out i 
a pore formed in the wall in another form i.e., as a 
pore with oppositely directed two lateral flagella i 
concave side. These zoospores are referred to as secondary 200 
Each reniform i.e. secondary zoospore, after swimming [or 1 
period comes to rest, becomes rounded, encysts by a wall aro 
and germinates directly putting forth a germ tube which grows 
hypha and eventually forms a new mycelium. a. 

In Saprolegnia the phenemenon of diplanetism is noted. 
tism is the phenomenon of the production of two types o! 7 

(e.g. pear-shaped primary | 

and reniform secondary 200 
and such zoospores in Wi 
swarming periods occur t 
diplanetic zoospores. M 
After the Me E z0 
rimary zoospores 
a the basal septum 
- zoosporangium may branch 
ferate within the empty zoo 
gium or beyond it fo 
new i.e. que E p 
which also produces ZOOSP, 
process may repeated 
several asexual generations 
one another. This proces 
formation of zoosporenee 
sion, one within tho otaa 
sporangial proliferation. 
In addition to the 
sporangia and sporang! 
method of asexual repr 


by means of thick 
place by or gemmae. Ci 


Zoospores Empty. 


Zoosporangium -sporangia e 


Puy | dospores i E f 
B are forme ; 
E.A C at the tips of cer 
Fig. 2.2— Saprolegnia Sp. Chlamys y 
A—A zoosporangium. B—For- chains, 
mation and liberation of zoos- maturity. 
res. C— Proliferation of by mean 
the zoosporapngium. cant int 


into short stalked sporangia. 
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Mes which on germination by germ tubes develop into new 


i kes place by 
i UCTION—Sexual reproduction ta - 
(00 ose contact, the passage of the sak eh at 
gametangia takes place through a fe n d 
w favourable Conditions sexual reproductive organs i.e. n: 
| gametangia) and oogonia (female gametangia) " 
on the vegetative hyphae. Majority of the species 

ire homothallic. 


Fertilization tube 


Antheridium 


asp. Different stages of oogonia before (A-B) and 
after (C) fertilization. 


are borne terminally at the tips of main or lateral 
Singly or in chains; sometimes oogonia may be 
re oogonia range from globose to oblong in shape, 
S are smooth or papillate and relatively thicker than the 
Vegetative hyphae. Each oogonium contains at maturity 
many Oospheres or eggs ; each mature egg or oosphere 
| a single nucleus. During the development of an 
tip of a hypha developing into oogonium Swells 
ose or oblong structure—within this swelling many 
plasm then flow, after which the entire structure is 
Test of the hypha by a transverse septum. Next a 
is formed in the protoplast of the oogonium and as 
Ses it presses the peripheral protoplasm against the 
* š is peripheral protoplasm undergoes progressive 
f Tesult several uninucleate blocks are developed and 
rm several eges or Oospheres, 
“la may develo 
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terminal portion of an antheridial branch 
and the en! 
2 off tiie oh later by the formation of a el 
ree nuclei embedded within th nth 
titute male nuclei. e proton 


The antheridia when fully formed, become 
of the oogonia ; one or more antheridia become applies 
to the wall of each oogonium. 


Fertilization—During fertilization, a fertilization tube 
from each antheridium penetrates the oogonial wall and. 
oosphere or egg. The fertilization tube, after entering the 
may branch out and send one branch to each oo 
several antheridia are applied to the oogonial wall, 
egg or oosphere is approached by only one fe 
Through these fertilization tubes, antheridial i.e. male mui 
from the antheridia to the oospheres. Only one antherial 
nucleus enters each oosphere, approaches its nucleus, fu 
and forms a diploid zygote nucleus. After fertilization € 
zygote nucleus develops a thick wall around it 
zygote or oospore. 

Each oospore is p 
inner thin endospore. ] 
are liberated from the oogonium 


oospore germinates 
à h d produces hypha of the në 


invades the substratum an J “a 
be becomes terminated by a 2008 


Sometimes the germ tu termi 
It is presumed that meiosis of the diploid zygote nucleus t 
at the time of the germination of oospore. 


Life Cycle of Saprolegnia sp. 
.— —-»pncysted zoospores (n) 


rovided with an outer thi 


After a prolonged period of 
by the rupture of 


on germination 
Primary zoospores (n) Secondary zoospores (n) 
Asexual Zoosporangia (n) Encysted zoospore a 
qe on germination 
mc 
tic hypha o {t 
Soprolegnia dec 
Antheridium (n) 
Sexual Cycle | 
on germination Male E (n) 
of oospore 
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is well developed and coenocytic. 

(ual and sexual reproductions are present. 

reproduction takes place by the formation of biflagellate: 
d within elongated tapering zoosporangium. In a zoosporangium 
is utilised in the formation of zoospores through cleavage: 


non of diplanetism is also noted in Saprolegnia. 
proliferation or branching is also noted in Saprolegnia. 


‘reproduction is of gametangial contact type. Most of the species 

: ja are both diclinous and androgynous. Oogonium 
1o many oospheres, each of which is fertilised by a single male: 
ng through fertilization tubes from the antheridium borne on the: 
hypha. 


sis occurs in zygote nucleus. 
Species :—Saprolegnia ferax ; S. monoica etc. 


belongs to the family Pythiaceae of the order Perono- 
the sub-class Oomycetes of the class Phycomycetes. 
Pythium contains about 66 species, almost all of which 
p n in distribution. The species of Pythium may be 
cwm ibious (living in moist soil) or terrestrial in habitat. 
š mostly occur as parasites on fresh-water alge. Majority 
š Species are soil inhabitant. Many of the species that 
ytically in soil can also infect the roots of various 
Eis plants causing serious diseases of those plants, i.e. 
E 9 persist as facultative parasites. Infection often 
the poeding stage of development of the host plant. 
Species o rium, Pythium debaryanum, a destructive 
poe causes damping off disease of tobacco 
the life Boris has been taken mainly as a type for 
Ye body— The ve i i 
Betative body is the mycelium i 
OP eon eate (eoenócyte), RETE oe 
Ah er hyphae, particular] ime 
1 of reproductive struc i a urne 
E. tures. Hyphae c i 
: : ma numerous nuclei, fat HUP nl ae 
T us E ag eens the eas of the host, the long, 
hoe put they do not Po dus He portar Ju ner 
Š ustoria penetrating 


i 


baryanum. reproduces both asexually and 
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1, ASEXUAL REPRODUCTIO 

, ASEX i C N—It take 

Nd arge anije this process some of e š 
um, bear terminally or intercal globose un 

tures called conidia. Conidia wh indi yu 

jak e en grow in dry condition ge 

ae putting forth germ tubes which ultimately give rset) 


(b) By the formation of sporangia "T 
grow in moist conditions, these psa pem 
behave as sporangia which germinate indirectly by the 
of zoospores. At the time of zoospore formation, à [ 
narrow tube develops at one point from the sporang E. t 
of the tube swells to from a bubble-like vesicle with a very k 
wall. The sporangial protoplast flows into the ve i 
tube—then differentiation of zoospores takes place in the 
means of cleavage process. After the formation of zo0s| 
become restless and begin to move, as a result the vesic 
suddenly bursts and zoospores are liberated out in alld 
Each zoospore is kidney-shaped and provided with two Bh 
flagella attached on the concave side. After a period nas 

n the surrounding soil, 


in the film of water present i 
comes to rest, encysts and germinates by putting forth a germ 


In some species of Pythium e.g. P. aphanidermatum, P. gracile etc. 
these sporangia are slightly inflated and 


sporangia are formed; ` > spi 1 t aa 
Generally sporangial proliferation ts absent in Pythium except in wo a - 
ia are renewed by prolife i 


P. proliferum and P. butleri where sporangt 
2. SEXUAL RepRropucTioN—This type of reproduction 

place when the fungus lives as saprophyte after killing its host. 

of gametangia OO" 


Pythium debaryanum sexual reproduction is of 
type and takes place I-differentiated anth 


Pythium is homothallic. Oogonia anc ant! 
e branch tips, either ©) 
hypha with the antheridi oogonium (£. 4 


Oogonium— 
terminally on a? 
The oogonium 18 cut off at 
the formation of aranea septu 

:ferentiated into a centr 
um becomes differ : UE 


peripheral LE jo hery and divide once, b 
ards the perire d remaining sin 


i rtion o j 
Rc f the oogonivm™ 


Pythium is not at all comparable 
ke the members of Asco- and B 
oosporangium in 1 
where further ospore has been a! 
environmental conditions. 
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phere is generally one, but in some species ( P. polys- 
oospheres may be formed. 

The  antheridia are club-shaped or somewhat 
s and are much smaller insize. From the stalk 
ium, antheridial branch arises; at the apex of this branch 

niscut off by the formation of a transverse septum. 
may be diclinous or androgynous regarding their mode of 

on hyphal branches (refer page 582 for detail). Owing 
iure of the antheridial branch, the tip of the antheridium 
the side of the oogonium wall—this type of antheridium- 
yn Each antheridium contains many nuclei which 
» but all the nuclei except one degenerate and the survi- 

US acts as a single male nucleus. In some species e.g.. 

the antheridia are multinucleate. 


Oogonium ' 
Oospore x 


Antheridium 
> Fertilization 
tube 


Pythium debaryanum, A— 
hed from the sporangium. 
a zoospore. C-D— 
ertilization and the 


Formation of zoospores within the 
_B—Single zoospore, b—encysted 
Different stages in the process of 
formation of oospore. 


fertilization tube develops. 
r penetrating the oogonial 


pores are formed. T divi 
26 s ned. In the fi i 
°F reduction division probably fa 
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Disease caused by P. debaryanum—Pythium debi 
responsible for the “damping off” disease of tobac 
tiana tabacum). The disease appears although at a 
;growth of the seedling but the disease generally ma 


FUNGI—PHYCOMYCETES 607 


of seeds. “Damping off” disease of tobacco 
Widspread occurrence in our country. 


—Attacked seedlings become pale green in colour and 
‘brown decaying cortex extending upwards and down- 
the ground level—as a result, seedlings collapse and 
ther with leaves due to weakening of the tissues near 
stem. Thus the stem together with leaves become 


Sterilization by using steam, dry heat or chemicals 
est method of controlling damping off disease. Chemically 
m can be done by the application of Bordeaux mixture at 
half gallon (0:14 litre) per 100 sq. ft. or with 0'25% 
Organo mercurial compound) solution. Two applications 

One, a week before sowing and the second, a week 
ination of seeds. 


on of formaldehyde (1 : 50) at the rate of 2 to 3 gallons 
I ) per 100 sq. ft. of the soil is another method of soil 
this case several days are required for the chemical 
before seeds can be sown. Seed treatment with Aretan 
lul per pound i.e. 0.45 kg. of seed) may also be done. 

on by dry heat is generally done by burning wood upon 
Seed-beds are located. In case of steam sterilization of 
' Steam may be applied with the help of an apparatus (which 

80 iler, a pan and connecting hose) ata minimum 

‘80 |b. for thirty minutes at least. 
tant plant diseases caused by species of Pythium :— 


Eie of ginger (Zingiber officinale) caused by Pythium TED 
zp. and P. myriotylum Drech. y Py aphanider 


ot or i : 

(E E of Papaya (Carica papaya) caused by P. 
E caused by P. graminicolum Subrama. 

of Lady’s finger (Hibiscus esculentus) caused by P. 
55 of Pythium ; 

* are aquatic, 
° ible 
Parasites u 


indicum 


y amphibious or. terri 
Or serious diseases of many economic plants. 


} hed coenocytic hyphae. 
haust; ric! celium is both intracellular and intercellular 


n te asexual and sexual, 
“Production b idi 
E u f conidia and zoospores. Conidia 


porangia. The Sporangium 


“Production is or RUNS 

tangial contact ty Pythium i 
1 are paragynous. $ pe. Pythium is homo- 
26 Contains ME eM nucleus C eonium Contains one oosphere 
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(8) Meiosis occurs in the first division of the zj 
germination, 


Common Indian species :—Pythium debaryanum; P. bu 
aphanidermatum ; P. graminicolum etc. 


€. PHYTOPHTHORA 


Phytophthora belongs to the family Pythiaceae o 
Peronosporales under the sub-class Oomycetes of 
mycetes. 


The genus Phytophthora contains about 75 
Phytophthora normally live as parasites on flowei 
can be grown artificially on culture media (hene 
Apical papilla ` Gu. 


Ker 
5 Zoospores 


Qo. | 


ai 


A—Single conidium. B -Co 
ormation of wae 
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site on potato plant (Solanum tuberosum) and is 
disease known as late blight disease and tuber 
‘the potato plant. 
ora is closely related to Pythium and has similar reproduc- 
sept that (a) sporangia are borne on special branching sporangio- 
w are always differentiated in the sporangium and not 
: edie Pythian 


* body is typically tubular and coenocytic mycelium 
mposed of : 

, moderately thick, aseptate (coenocytic), hyaline 
à formation takes place in connection with the 
feproductive structures and also at older parts of the 
rate off the dead portions. Hyphae contain vacuolated 
numerous nuclei. 

op intercellularly, ramify through the host tissue 
eimentary haustoria by means of which they draw 
Tom the adjacentliving host cells. Hyphae may also 
tlularly ie. by directly invading and killing the host 


P. infestans reproduces both asexually and 


REPRODUCTION—A the time of asexual reproduction : 
Ete branched, slender aerial hyphae come out in 
| ae mand the stomata or from the 
"ACC: eaves of the host plant— i 

1i Cortos plant—these aerial slender 


F 


Conidiophores are 
swellings at the node and 
Conidiophore or spor 


8 IS continued several ti 

E gia are produced in succession. 
conid; L2 
.COhidium or Sporangium is a thick- 


I walled, ovoid 
Structure Possessing a small stalk belo i ad 


mes so that a number of 


deci > 

opl "om die: at maturity they get detached 

through air curre ATy Bush of wind or rain splashes, 
current to the leaves and stem of another 


âS sporan, 
> igiophores b 
angia, y some workers, 
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potato plant where they germinate within 
z _ the} a few d 
moisture, The germination of conidia takes place isi a 


(i) When temperature is high (24° i 
] gh (24°C) but moisture 
atmosphere is less, the conidia germinate directly by puti 
or more germ tubes at the apex and which penetrate the hosi 
varones the stomata or by rupturing the epidermis o 
stems etc. i 


(ii) When temperature is less (12°C) but moisture c 
atmosphere is high, the conidia behave as  zoosporam 
protoplasmic contents of a conidium due to cleavage process i 
into biflagellate zoospores. These zoospores are libe 
through an opening formed at the tip of the spo 
1o dissolution of papilla. Oa coming out in the film of wate 
rain drop etc.) zoospores swim for a brief period (15 minutes 
ntually they come to rest, encyst and germinate each by p 
a germ tube, The germ tube produces an appresorium- 
hyphal pressing organ. From the underside of this app! 
minute and narrow infection peg grows, which penetrates tht 
through stomata or by piercing directly through the ep 
After penetrating into the leaf, the germ tube develops into a 
branched intercellular mycelium sending long and curl 
into the leaf cells. z 

Formation of thick-walled chlamydospores has been no 
the fungus is grown in artificial culture media. Each E 
isa spherical and multinucleate. Oa germination p 
pore produces either an extensive mycelium, or one or m 


2. SEXUAL REPRODUCTION jis of gametangial conten 
takes place by means of well differentiated coe š M 
In case of P. infestans sexual reproduction takel on 
oogonia and antheridia of opposite mating gud BRET, 
Hence P. infestans ja hoterothallio e in, P. p ama ogs 
Š ion. Sexual repro i . inf 
Peur ina occurs gametangia (antheridia ant 
formed at the tips of specialised lateral hype d ad 
branches i.e. an oogonial branch and an a 
if not 


— Án n 
— ——— " t f 
^ Phytophthora infestans exists 10 strains wh orta ; 


. The discovery o 
on et ta pure cultures. Murphy (1927) was, 
(zygote) formation in cop 
Gallegly and Galindo (195 x 
the fungus is heterothallic in na 
(strains) for the 
countries ional on ge cenit r nell 

re not seen. On 
oo bow] exceptionally in culture on 


Central America where the 


i lants differen: 
o ox cultivates cross fertilization of 


tion eee Stevenson (1967). 
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other ip of 
towards ial branch penetrates the tip o 
pen rasa ial portion of the e 
dense multin last is cut off by the fo: 1 
joe ` — ating an antheridium. In the py 
the tip oft gonial uqa grows through the middle of a sevep 
de. and comes out above the antheridium as a globose 


Young 
antheridium 


Penetrating 
gonial à 
branch ogonium Oospore 


C 


Amphigynoug 
Antheridium 


During this Process 

lis of th 

lle the antheridium is punctured te AP: 

t forming a funnel-shaped 
9ogonium and the base 


612 —— 


of the oogonium also lies within the antherid 
arrangement of sex organs (antheridium and 
amphigynous. The oogonium is eventually se 
from the rest of the hypha by the formation of a 


Papilla é 


Meiosis 


Oospore (zygote) 


nA 
2.8—Life cycle of Phytophthora Sp. ipe He i 
y cies of Phytophthora (g. D sition 
M some i x organs is noted, in O ae 
oan the base of the 008 nak 
mascot onte) and due to the curves 
ng x 
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tip of the antheridium is applied to the side of the 


, theridium is multinucleate ; at maturity all the 

sod di the mer except one perish ; the surviving single 
mucleus functions as a male nucleus or male gamete. Similarly 
‘Young oogonium is multinucleate, all the nuclei of the mature 
one degenerate ; the surviving nucleus together 


ih & little amount of cytoplasm forms an oosphere or egg. A 
peripheral layer of cytoplasm surrounding the oosphere, called 


is also noted. During fertilization the antheridium 

a fertilization tube through which the male nucleus with 

à cytoplasm is delivered to the oosphere of oogonium—the result 
iavolves 


lasmogamy and then karyogamy (i.e. the fusion of 
male nucleus with the oosphere nucleus) 
formation of a zygote or oospore (2n). 


š infestans OOspores can develop Parthenogenetically into 


- Life Cycle of P. infestans 
| iit 


Liberation of — — _;, T E 
d Zoosvores (n) | ZoesPores——Liberation y 
zoospores ~~ by Zoospores (n) 
| zoospores (n) germination 1 
Zoosporangium (a) Mea 
tw : Mesias EM Zoosporangium 
Prrmination Oospore (2n) * 
(a) a E Sk Le On indirect 
east pie VRaryogacayy [Pinan | mia 
i land | —-Conildiura ( 
= (n) l Plasmogamy | | d id 
: t e RUDY j Conidionhore 
H Z bearing conidi 
K Saig hypha ()—Antheritium | Oogon; T M 
as n) (S) um«-Somatic hypha (n) 
ve Disease and Symptoms. p; s 
+, WR. infestans Mont.) de Bai ua 


; se of potato 
r plant 
only after the blo M a late bl > plant cay 
leaves as black 


rear Patches grad 
Spreads to stem and branch] tease in sj 
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(3) The underground parts (speci 
after the aerial portions RNS Wi 
appear in the form of brownish or purplish discol 
skin of the tuber, (b) underlying tissues are softened, 
fection spreads inside and the tuber turns brown 
dry soil, dry rot due to drying out of dead cells may 
—in this case surface of tubers becomes a little su 
coloured. i 


Control— The disease can be controlled by (1 
tubers from disease free areas. 


(2) Foliage spraying with bordeaux mixture or 
ready made copper fungicides such as Perenox, Dith 
—it should start when plants are 15 to 20 cm. high 4 
should be repeated every 10 or 15 days (during dry s 
day (during rainy season). In plains, 2 to 3 sprays ol 
cial copper fungicides such as Fytolan or Blitox-50 at an | 
15 days are effective. In hills, 4 sprays with 0275 Ditmar 
an interval of 10 days are given. 3 


(3) Using resistant varieties i.€., varieties of p 
either immune from or resistant to late blight. 


(4) Low temperature treatment of tubers at 40°F or 4 


Other diseases of plants caused by Phytophthora :— 
(1) Koleroga of areca palms (Areca catechu) caused by Phyt 
(Colem.) Pethybr. 
(2) Phytophthora blight o: 
P. colocasiae Rac. B e. 
i i castor (Ricinu: 
un be BE Moraes pes and P. bein e: 
(4) Bud rotof toddypalms ( Borassus flavelifer) and coconut 
caused by P. palmivora Butler. i 


Salient features of Phytophthora 

(1) Vegetative body is the myce 
A hy obse which is both interce 
haustoria. Š 


f colocasia (Colocasia antiquori 


lium composed of much b 
llular and intracellular 


(2) It grows both saprophytically and periit ; 
(3) Reproduction takes place mainly e Lag 
is noted both in artificial culture and in nature. 


i eans 
1 reproduction takes place by means | ied n 
(4) x ub nidiophores. _Conidia germinate aire e 


on DoE the discharge of zoo: I 
zoospores within zoos poran ia but without the formation ofa ke 
E tangial contact type. 


an opening at the à. 


e 
s of gam ne ha types dor. 
es P 


om ore one oosphere and eac 
i p 
josis takes place in the 00s 
af Indian ies :—Phytophthora infestans ; 
n speci 


P. parasitica var. sesami etc. 
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D. MUCOR 


Mucor belongs to the family Mucoraceae of the order Mucorales 
under the don Java of the class Phycomycetes. E 

The genus Mucor with about 42 species is cosmopolitan in 
distribution. Majority of species of Mucor are saprophytes, living 
on moht soil, dung and decaying plant or animal matter. Mucor 
mucedo, is a common mould fungus growing saprophytically on vari- 
ous dccayed and rotten organic matter, moist leather, horse dung etc. 


During rainy season this fungus appears as white or greyish cottony 
mould on the substratum. 


Vegetative body is the stout and well-developed mycelium which 
consists of (a) much branched filamentous coenocytic hyphae which 
spread out evenly within and upon the substrates, some of them also 
penetrate inside the substratum and thus serve as fixative and 

hyphae. The branched hyphae i.e. mycelium appear as 
whitish or greyish cottony structure over and wit 


hin the substratum. 
(b) EUM will of Breese codi of cellulose and pectic 
ccording to some authors it is built up of chitin and 
related substances but not cellulose. 3 


(c) une oe granular Cytoplasm, large number of 
erent sizes and numerous nucl i, d i 

o6 oni gg cl, droplets of oil and 

(d) Though the hyphae are coenocyti 

Š ytic, transverse septa are form- 

em at the bases of the reproductive organs (sporangia aiid inean) 
only Occasionally elsewhere when the hyphae become older. 

ction :— ; r " 
ET vi hay of reproduction are met with in 


š Sporangiosporest o idi 
in Sac-like sporan. ; i T gonidia 
mycelium begin to produce ses O gonidangia. The Ee of the 
8, 
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wall—the vacuolated protoplasm of this region 
columellaplasm while the rest of the denser protoplas 
nuclei is known as sporeplasm. Smaller vacuoles of 
plasm then flatten and coalesce laterally with one al 
a continuous dome-shaped cleavage cavity with a di 
shaped septum i.e. wall separating the sporeplasm. Thi 
shaped cavity i.e. vacuole is now called colume 
sporeplasm undergoes progressive cleavage from 
the centre and vice versa, asa result small mult 
uninucleate irregulary-shaped blocks are develope 
rounds off, develops a definite wall and forms : 


C. sporangium 


Sporeplasm TË 


Columellaplasm 


Sporangiophore 


sporangium 


Mycelium 


T id ` 
A—Mycelium and sporang! phores 
Fis 23 -Mucor PP ferent stages of the develop 
taps mella and spores within the spo 


sporangiosp 


smooth ¢ porangivm changes colour from yell 


i rangium 1 
maturity. Each spo 
wo dae €: spores ; the wall o. 


this Er — ium wall to burst and 


d = ; when the sporangium at ma 
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| fragments, the spores ( M. racemosus). On reaching 
enorme each Mte germinates by putting forth one 
or more germ tubes which eventually ramify forming new mycelia. 
Asexual reproduction also takes place by the formation of rounded 
and thick-walled chain of cells known as chlamydospores. When 
the walls of those chain of cells remain thin, the rounded structures 
are called gemmae. Formation of chlamydospores and gemmez is 
noted when Mucor is kept in sugar solution (nutritive medium). 


Formation of yeast-like sprout cells or oidia due to transverse 
breakage of hyphae also takes place when, Mucor grows in a medium 
rich in nutrients; like yeast oidia increase by budding and bring 
about alcoholic 


fermentation—this condition is called torula stage 
or yeast condition of Mucor. 


(7) Myceliom Germ sporangium » 


x 


EH) Mycelium 


Promycelium 


Zygospore 


Zygospore 


i f 
germination of on (E-G) and the 


2. SEXUAL í 
X REPRODUCTION Specie, of Mucor ma 


(M. sexual 
mucedo). The own cos M. ,Senevensis) or heterothallic (M. 


copulation method. in Mucor 
t.e. morp 


la as 
ie. (+) str ri 

Sexual re . C4 Stain and (— š rom tw 

two club. Tap P rothallic Eos the time 
— and (—) strain come SU Tnt strains ;e ses M. mucedo), 
mina to a some s Contact with each n Such as (+) 
contact or 9r progame, Uh and swollen lateral b M of 
tangia. The ame angia stimulates the & to Callen (1940) the 
gla pres together at Wr Con game. 
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the hyphae bearing progametangia are pushed 
each progametangium is cut off by a transve 
progametangium into a distal gametangium and 


WD or &) 


Spores 433284 


Sporangium 
Sporangiopore 


Fig. 2 11— Life cycle of Mucor sp- 
"T ins dense 

Each ium contains amoun 

nume gameta Ri- these dense lane 

moe coenogamete, gamete OF li 


© 
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rotoplasm. In the meantime,. 

= ei rcm sens Yuma the here wall Logik ere 

—— t the two coenogametes fuse forming a a 

2E oder ws ote, in which the cytoplasm and nuclei o d 

Ge ags ten together ie. plasmogamy and karyogamy akey 

Daiei Then a thick, two layered wall M Pe ore 

protoplast q i and thus constitu " 

Ted s mda wither away. Of these two layered Jall 

Lag bn anaq the outer layer is dark coloured and deeply 
asas i.e. warty and the inner one is smooth. 


; v 
Germination of Zygospore—After a period of rest for severa 
months, (oos credo ail in size and then germinates. The iun 
warty outer wall layer (exospore) ruptures and the inner smooth xan 
(endospore) puts forth a long, stout and vertical germ tube calle 
; the tip of which develops into a typical sporangium: 
germ sporangium or zygosporangium. Meiotic division of the 
fusion ie. diploid nuclei takes place in the germ sporangium, as a 
result haploid spores are formed inside such sporangium. But in 
Mucor mucedo and some other heterothallic species, only one kind of 
either all (+) strained or all (4) sia d are produced within 
sporangium, ie. in those species all the spores in a germ: 
sporangium are of the same mating type, either (+) or (-). Each 
Spo. 
which 


res after liberation germinates putting forth a germ tube 
and produces new mycelium. 


Parthenogenesis—Someti 


mes gametangia fail to fuse and then a 
Single gametangium may directly develo 


p into a thick-walled structure 

Or parthenospore. An azygospore resembles the 

typical zygospore in external structure and germinates into new 
Mycelium in due course. 


Salient features of Mucor : 
s eta in habit, grows on decayed and Totten organic Matters, 


body is the much branched c i i 
hyphae, some of which penetrate the substratum ime oum ur iie 
[t] 


Species, copulati 
UN Pulation bet ing from two 
€ contents of both i 

m : oth the gam 
= fusion ie. karyogamy takes place within the aa a gos- 

m Zygospore ll i à 
called inner Smooth wall called ende E M. Ck T 
&. on ie, diploid nuclei t : 


multi ate isoga 
between two isogam, ; 
strains takes Dik; gametangia aris 
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Common Indian species— i 5 
(allare heterothallic) etc. a ee prain on 


2.3 Heterothallism in Mucorales—The species or indi 
which the Sexes are seggregated in separate thalli and 
different thalli are required for sexual reproduction are ¢ 
thallic, and the condition exemplified by heterothallic spe 
as heterothallism. Sometimes self sterile i.e., self incon 
are also referred to as heterothallic by some wor 
reproduction, these self-sterile species therefore require 
two compatible thalli regardless of the possible p 
male and female sex organs on the same species. But 
which sexual reproduction takes place in a singlet 
compatible species are called homothallic and the condition 
fied by homothallic species is known as Aomothallism. ` 


In some members of Mucorales, the formation of zy 
result of conjugation occurs frequently in mature 
members zygospore formation does not take pla 
However, Ehrenberg (1820) and De Bary (1864) first ob 
pore formation in Sporodinia grandis, a member of 
Mucorales. These earlier workers were unable to explai 
cause of the formation of zygospores and hence the prob 
unsolved for long time. However the phenomenon 0 
patibility i.e. heterothallism was first discovered by a grea 
seneticist A. F. Blakeslee in 1904. Blakeslee gave then 
thallic to those species which coul 
thalli and the species which require 
heterothallic. Blakeslee, for the first 


ble strains were morphologically simi i 
ible strains were not morphologica 
As these two compati ae Js da 


We er years after ve 
Burge (1924) demonstrate is probably resp 

an a bers of Mucorales. 
in a number of | 
št acted towards each ot i tar 
fidt temperature, CO, oe 27) ies series i 


ina and Blakeslee (1926, 
st. tests on the two strains (+a 


observed the response of the two ( 
different reactions. Eu n 
On the basis of the mode s orme ral 


ivi bers of : LUC 
mde sue r thalie group in which zygospores ' 


groups, viz. 
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i i iospore and 

from same i ising from a single sporangiospc š 

(b) -- — which Eo are rede es ies 

ifferent strains or 1 
pain of the two dirent se grandis, Mucor og a 
= epe belong to homothallic group n : E or 
M. hiemalis, Phycomyces nitens, Rhizopus nigricans, Blake 
trispora etc. belong to heterothallic group. 
The 


different i f heterothallism as found in different 
members of the <n read may be discussed as follows :— 


1. In homothallic members, e.g. Sporodinia grandis, Mucor’ 


re of one type without showing any sexual 
AM E Ee hom such mycelia unite ie. 
Conjugate, the zygospores are formed. .Zygospore on Maori 
gives rise to germ sporangium containing sporangiospores, all the 
of the germ sporangium on germination give rise to 

CoE apod (Le.allare+). 


| 


i : 
P 


e 
S 
3 
J 
> 
° 
z. 
B 
=] 
- 
E 
oO 
8 
e 
c 
< 
= 
a 
S 
S 
=} 
š 


nuclei derived from 
> Place; since meiosis Occurs in the 
 Zygospore before its germination, Seggregation of two types of nuclei 
(+ and ~) takes place. (Cutter, efore germ Sporangium will 
Some of th aving + nuclei and others 
ut as all the Spores ina germ 
the same strain, so the 


: sporangium are -of 
germ sporangium does not contain mixed i.e. 
+) and (—) spores ; 


i within the germ 
; Some germ sporangia yield only 
(=) spores and others only ( — ) spores ; (+) spor i ivi 

tise to (+) Strained mycelia while Wale mice 


Spores germinate into (-): 
> en two such sexuall 
one from + and 


y dissimilar mycelia (i.e 
€ another from _ spore) coalesce then o Y ; 
be from tan e ; but it two sexually similar yceliz 
Spores 
= te formation ta 3 ee Hero ie 


Spores coalesce, 
"A Meroe itt place. Hence Mucor mucedo and 
3. In another heterothallic spec; 
€ iz. Ph 1 
Spores gins Contains three kinds of Spores viz. eC ens Em 
Spores, e partial Segeregation of Sexes ) daž) 
probably ae er e diploid nuclei take 


ormation of 
3 E Tesult, besides 
Pena prodire homini Pietre t CIAT ( O) 
|. M Sexual charact < © dt has bee 
.— homoth oA: ic mycelia is unstable ed that 


Is uns 


IS after a few generations ^ ° And the 
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It has further been observed that among the het 
there are also strains in which (+) and ( — ) strains f. 
when they are brought together and thus zygospores ai 
these strains are called neutral strains. This neutral 
be induced in Mucor mucedo and other types by pro on 
under favourable conditions which cause the loss | 
ability and the formation of neutral race. 


Conclusion —Heterothallism is the physiological 
the gametophytic strains in relation to sexual act a 
is comparable to dioecism of gametophytes where 
tiveness is expressed morphologically i.e., thalli can 
male and female. MYA 

Studies were made on the different physiological 
behavior like reducing capacity etc. between the + ai 
differences were noted in these respects. Such d 
exhibited by other heterothallic fungi where the tha 
guished as male and female. Accordingly it has be 
the (+) strains of Mucorales are comparable to femal 
strains to maleness. 

Heterothallism.is not restricted only among the 
comycetes. It is also wide spread among other gro 
Sometimes the heterothallic forms can be identifie 
female when the reproduction is oogamy. 


t 


CHAPTER mt Ascomycetes 


34. General account of Ascomycetes : 


Ascom monly known as ‘sac fungi’ form a large 

Ë at fungi rH P "about. 1,700 genera and 15,000 species. 
Ascomycetes, together with Basidiomycetes (refer chapter IV ) 

are called the higher fungi because they show considerably more 
complexity of structures than Phycomycetes described in the previous 


This class is characterised by the production of specialised asexual 
reproductive units called ascospores—ascospores are produced endo- 


[ag dh distinct type of mother cell or sporangium called 


the name of the group is Ascomycetes. Other charac- 
pe features of Ascomycetes are a septate mycelium, 


of bodies enclosing the asci by most mem 
complete absence of any type of flagellated cells. 
Ascomycetes are found in a variety of habitats 
the Seasons of the year, but in general t 


the formation 
bers and the 


and almost 
hey are terrestrial. 


hapa > Produce charac- 
1 : N ere are also some members which are 
parasites at their first stage of life, then become Saprophytes after 
the a and decay of the host ie. facultative saprophytes. A 


are coprophilous i e. growing only on the d 
of some animals. A few Species are also Se 1 Te 
^ entirely h i 
g underground. ner com bm 


a are or. an 
nsely interwoven ne ised 


c | n and 
Ed hos tissue in general resemble dd 
Cry à enchyma, gain, if the f i 
Phal strands are more or less evide T 
ent, 
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it is called prosench i 
: yma. Pseudopare nd 
ee bodies) P mainly associated be 
] scomycetes. Some i 
sclerotia and stromata are ku 
Ç; also com se fun 
specially of pseudoparenchyma. The Dee pee 
amount of chitin. ^c 


C. REPR — Š 
vill ODUCTION—It takes place vegetatively, asex 

I. Vegetative reproduction may tak Š 
(yeasts) and fragmentation. y take PME 

II. Asexual reproduction takes place by the fi 


(1) Conidia— Conidia are produced at the ends 
branched conidiophores— they are produced either 
chains on a single conidiophore in acropetal or basi 
Conidiophores vary in length, they may be very short 
Conidiophores may be produced from ordinary somat 
free from each other without any evident organizati 
be organised into definite fruiting bodies. The most | 
of such fruiting bodies are (a) pycnidium (pl, 
(b) acervulus (pl., acervuli. A pycnidium is a holl 


flask-shaped structure formed by the pseudoparen 
tissues which opens by an ostiole. Inner surface of a pyomi 
h cut off conidia at their tip 


lined with conidiophores whic! 
dia produced by a pycnidium are called pycnospores. . 
a mat of hyphae generally formed by parasitic fungi J 


the epidermis or cuticle of host plant, such hyphal mat 
short conidiophores closely packed together f 


mass. 
(2) Chlamydospores—These are thick-walled spore 
to the rounding up'of the terminal or intercalary hyp 
3) Oidia—Oidia, also called arthrospores are 
—— cells—these are formed when hyphae break 


component cells. 
4) Blastospores—- These are bud 
These spores on germination give rise 
II. Sexual reproduction —n membe 
reproduction is much more complex an 
with the members of Phycomycetes, a pim 
roduction aims at i 


ding spores forie 


to new 1n n 


ivi ccessi £ p 
divide *' Nuclear fusion ulti 


tic cells. 
ar cell that develops into the 


ogamy, in aes 
vely, resulting he tely takes p 
s 
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division nucleus takes place immediately after fusion, 

' "a eee nasod nuclei are formed ; these haploid aneli 
constitute in ascospores formation or they may divide mitotica y 
foriber 30 that more ascospores may be formed. This is the genera 
of the development of ascus and ascospores. There are various 

by which compatible nuclei are brought together in one cell 

Jesding to the formation of ascus and ascospores in different members 

of Ascomycetes—the more common methods are as follows :— 


1) Gametangial copulation—This method is similar to that 
well in members of oma of Phycomycetes. In this method 
two ly similar gametangia, developing either from 
somatic hyphal cells or from unicellular uninucleate somatic bodies 
Which behave directly as gametangia, fuse with each other forming 
a 


zygote cell. The zygote cell develops into the ascus. 
Here no tic phase is developed, karyogamy takes place 
immediately after plas: 


mogamy. Gametangial copulation is noted 
in yeasts where the unicellular somatic cells themselves act as 
E in oce the UTE gametangia are formed 

of the same or different hyphae by septa ; in 

A oq copulating gametangia develop simultaneously 
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HEEL EU 


aese Cases either 
hogyne wh ir wi a 

2 r Ich pair with asc i i 
nuclei As sh pramselves form functional pure tan ie. 
re humuli ema confluens both the gametangia aos 

Spermatization— 

bei ed of producing ami bes of Ascomycetes (Laboul 
ES from ihe UAM Ce specialised minute. 
ike i Spermatia are i Sa i 


SEX Cells are 
Shogyne of th ~ Carried to t š are called 
no Ascogonia) by th Aas UM or to the ou receptive organs 


pais we hyphae (wher i 
s s agents like insects, wind ed. 
D : Š 
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etc. Then dikaryotic condition i 

c. T ition i 
migration of spermatial nuclei WE x 
septal pores and is followed by the formation of asci and 


(4) Somatogamy—In some Asco 'umaria ru 
m 

types of sex organs have disappeared: HE the fu 

of somatic hyphae of opposite strains takes place A 

such fusion dikaryotic condition is established which 

to the formation of asci and ascospores. 


D. FORMATION AND DEVELOPMENT OF Ascus AND / 
In simplest types e.g. Eremascus, Dipodascus, 
Schizosaccharomyces (yeasts) etc. either the zygotic 
develops into an ascus or an ascus may be developed 
cally from a gametangium (female). The young zy 
ctions as developing ascus—the ascus enlarges in size, 
zygotic nucleus by two or three successive divisions pr 
ascospores—the first division being meiotic i.e. reducti 


In higher Ascomycetes the ascogonium never 
into an ascus after the sexual process, instead the asco 
rise to few to many irregularly branched tube-like 
ascogenous hyphae—within these ascogenous hy 
nuclei* or paired male and female nuclei? or haploid 
nuclei only) pass, then septa formation takes 


ascospores develops ultimately fron 
each ascogenous hypha in the following way :— 
ascogenous hyp! 


1) the terminal binucleate cell of the 
down forming a hook or a crozier (Fig. 3.1, D). 
2) The two i.e., paired nuclei simultaneously divide mit 
as a result four nuclei are formed in the crozier. ; 
n the hook or crozier p! 


4) Then septa formation i c OF 
loth ; way that of the 4 nuclei, two remain in the cu Me 
cell or penultimate cell, one remains In the ultimate or a, 
the other in the basal or stalk cell of the hook. 

i i he ascus Ge 

From the binucleate penultimate cell t 
debts the penultimate cell is termed as an ascus pu 

The two nuclei (either haploid or diploid) then 


the ascus mother cell—as à result, à 


each other within 

- ES ee š M 
* Where both antheridium and ascogonium are functional 
and female nuclei takes place within ascogoni id cud 
s where both the sex organs are functional bui 


i i dition. 
female nuclei remain in pair con 
* Where antheridium 18 absent but asco 


nuclei is present. 
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diplold* or tetraploid* nucleus is formed. The fusion nucleus 
immediately divides thrice, producing eight nuclei which ultimately 
contribute to the formation of eight ascospores. 

Jf the fusion nucleus is diploid, then of the three divisions only 


one Le, the first division is reductional, the other two are equational— 
but if the fusion nucleus is tetraploid, then of the three divisions, two 


Of sexual 
€sin Pyro, 


Fig. 31— 
Different 
Stages Teproduction an 


e : nema sp. of Asc 
ve e eed Cell of the hook i i 
elongate Producing again a new hook di 


d formation 
of 
omycetes, 


er may fuse a 
nd thereby a pr 


ascogonium produit tween male ee the ascogonium, 


iploid nuclei, female nuclei takes place within the 
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Previously it was thought that the mal 
y e and fem fused. 
in gsotonum and consequently cach of he two mud a each la 
D iploid. Asar wo s 
nucleus, a tetraploid nucleus was formed ia p BE u: fe T 
cell) of the crozier. Naturally this tetraploid nucleus had to unde 
in order to give rise to haploid ascospore nuclei, Recent investi t 
that male and female nuclei do not fuse within the ascogonium 
pairs. The paired nuclei move in ascogenous hypha and as s 
nucleus in the penultimate cell of the crozier is diploid ; so no bm 
double reduction takes place, instead only one reduction divis 
diploid nucleus takes place resulting in the formation of haploid 


The above mentioned method of ascus development is k 
hook type or Pyronema type of ascus development. Dan 
termed this type as curvascous type. Besides this proce 
also other processes of ascus development which are as foll 


(a) Geopyxis type—In Geopyxis catinus, the terminal 
ascogenous hypha is uninucleate but the cell behind it i. 
nal cell pushes out laterally and develops into an ascus. 

(b) Plicaria type—This type is noted in Plicaria su 
Acetabula leucomelas. In this type an ascogenous hypha ist 
ted by a number of binucleate cells, the terminal binuch 
directly takes part in the development of an ascus. 

(c) Pustularia vesiculosa (Peziza yesiculosa) type—This 
intermediate between the Pyronema type and Plicaria 
pyronema confluens, the terminal cell of an  ascogen 
may form a hook or crozier ; but the binucleate penult 
the crozier, instead of developing into an ascus, grows 
another hypha with several binucleate cells—the terminal i 
cell of this hypha ultimately develops into an ascus just like U 


Plicaria type. found among the 
—This type is found am i 
(d) Rectascous type m SP developed in a chain 1a 


‘er Plectascales. Here asci are. z 
nisa the other from all the binucleate cells of an 


hypha. 
(2) Loboulbenia type—Among. the 
true ascogenous hyphae are lacking. 
dikaryotic condition by the process o 
reproductive organ (ascogonium) con ie 
cell which develops directly into an ascus. | 
E. ASCUS AND sci are mostly elong 


lindrical r 
pA rectangular in ri Beg 
: 4 s 
septate i.e, multice Bs MEUS 


because of the ts ers 


scus. 
due to the occurrence of a single a ed into two types 


logy of ascus wall, © 
cate type. E 
eh and y composed of two thin layers 


2 


i in thickness but 
single ll may be uniform in t ness 
rer ome eme "hickened at ne cera NS ga 
ascus there t wall layers viz. a rigid outer a 
mio cer dett ora led with asci sterile elongated hairs 
repre ination of asci and ascospores 
which though id in the dissemination 
Cn aasal : paraphysis) ; these paraphyses often 
de of the hymenium. In most cases, asci develop n 
4 M they (asci) are surrounded by a common wall of hypha 
known as peridium, and the definite structure thus developed is 
the fruetification which is also called ascocarp (for different types, 
F of article 3.1). 
E vary greatly in size, shape, colour and number per 
o 
many, generally ascospores are4 or 8 in number in each ascus. In 


. In shape they 
Or elliptical or thread-like, arranged in one or more rows 

ae arte In colour they vary from colourless to black. 
F. Tyres or FRUITING BODIES OR FRUCTIFICATIONS—After the 
of asci containing ascospores, vegetative hyphae begin to 
around the asci and thus result in the formation of compact 
known as fruiting bodies, fructifications or ascocarps. These 

ate protected by common walls of Sterile hyphae called Peridium. 
In Ascomycetes there are four types of ascocarps viz., (a) Apothe- 

clum, (b) Perithecium, (c) Cleistothecium and (d) Hysterothecium. 
(a) Apothecium —This Shaped, the 
ppper surface of which r Pon and 


a lender hairs 
Paraphyses and asci. Apothecia are Superficial, sessile or 

fleshy NS brown, red or 
ee de or peridium. This type is 
On the basis of the development of apothecia, 


yphal Covering 
begins its devel. ni opment, In which at first the hymeniy 
pe ur “A ike af Ocarpic manner but final] 


: ical region, 

+ ae asci Open by defin; i 

1 Scale type, while those in which e pg rs 
pical Ptures at their tips, are 


This is a fl iti 
wer ine ask-shaped fruitin 
N parom  oen a: 
Portion opposite to ostiole i EUME 
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or asci may be spread over the inner surfaces 
Perithecia are dark-coloured, hard and brittle in 
Claviceps, Podospora etc. 


(c) Cleistothecium— This is rounded perith 
any ostiole and is surrounded by one-cell layer. 
Ascilie generally scattered in the matrix inside 
hymenium layer. Sometimes asci are arranged in i 
Examples—Aspergillus, Penicilliun etc. 


Ascus 
QW 


tifications in 
i .2— Different types of fructifi ind 
Fig. Ceistothecium, B—Apothecium, 


— This type is seen in s 
mds form of ascoc? 


ostiole: 


heciom' 
©) yanapa d is inter 5 
ene rem “hard or leathery, black and wi 
these > 


ulos (1962), 
Ard AM basis of the way 


rica ich bear naked 
(D Ascomycetes Ph ich produce 


, 
g 
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d more or less 
those which produce ithin a flask-shaped, an 1 
Ad dew n ese is provided with a pore (ostiole) 
ascocarp at mat à 
Brough which tl escape called a perithecium ; TEN 
a diera and (5) thon which form their asci directly in 
whic: 
siamese uo al e 
[^ species, This type is designated as 
amcarp in thosc 


Lumera TION OF AsCosPORES—When the 
eai (oL scri are liberated. In species where 
ascocarps - not formed, the ascospores are liberated by bursting 

Geoteration of the asci which are formed on the substratum. 
EA liberated spores are distributed by various agents such as wind, 
I insects etc. If the ascocarps are provided with a pore at the 

(peritbecium type), the ascospores are liberated through such 
Ma In case of closed ascocarp, the ascospores are liberated only 
mee the partial or complete disintegration of the ascocarp. 
Apothecia type of fruiting bodies are open at the top when mature. 
In most members of Ascomycetes, ascospores are forcibly ejected 
from the ascus by a puffing action. Ejection of ascospores takes place 
either through the bursting of the ascus at the tip or through a 
natural I us or cap-like operculum hinged at one end. Under 

conditions ascospores ge 


rminate by putting forth one or 
more germ tubes—these germ tubes develop into a Septate mycelium 
Of the species. Multicellular ascospores may produce 

à number of germ tubes, one from each cell. 


H. Lire Cycre TyPE—The general pattern of thelife cycles of 
the members of the class Ascomycetes is the same as a whole, 
although the life Cycles of individual members may vary in their 
detail. The vegetative body i.e. mycelium of an ascomycete (except 
Loc group) begins with the germinati 


Stage or imperfect stage, 8 called asex 
The same m lium fi à 
now begin Se Tom which co 
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asci an 
d ascospores are formed is called sexual 


or perfect 3 
pire stage. The typical life cycle in an ase 


—Conidium (n) 


Haplophase 
on 
germertion | SEXUAL cvete 0700 
: Diplophase 
Asco-«-——————-— Young «- 


spores (n) meiosis Ascus(2n) Karyogamy 


the class Ascomycetes is sub-divided b 
€ - y Gwynn 
Barnes (1927) into following sub-classes and orders ed i 


Class beh ety! 


Discomycetes 


Sub-class Plectomycetes 
(ascocarps apothecium 


(ascocarps not formed, 


when present cleistothecium type) 
This sub-class contains 


type, a 
This sub-class contains five orders, e.g. 


three orders, e.g. 1. Pezizales 
1. Plectascales (Genera : Pyronema, 
Peziza, Ascobolus etc.) 


(Genera : Saccharomyces, 
Eurotium, Penicillium etc.) 2. Helvellales 
2. (Genera : Morchella, 


. Erysiphales 
(Genera : Erysiphe, Helvella etc.) 
Sphaerotheca etc.) 3. Tuberales (Genera + 
3. Exoascales Tuber, Genea etc.) 
4. Phacidiales 


(Genera ; Exoascus, 
Taphrina etc.) (Genera : Rhytisma, 
Coccomyces etc.) —— 

5. Hysteri : 

(Genus : Lophodermium. 
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i following 
Ascomycetes into three 
Alexoposios V ed has classified the class 


of their ascocarps, the method of ascus formation and the 
wdea on the 
"te Ascomycetes 
l 
! ing naked Asci produced in 
oe. us = ascocarps, mostly 
ov or as- from ascogenous 
ed produced. hyphae. 
Subclass Hemiasco- 
mycetidae. It 
includes 2 orders e.g. 
Endomycetales and 
Taphrinales. 
] Meri 
typically uni- Asci bitunicate ; 
peris if bitunicate then ascocarp an 
borne in an apothecium ; ascostroma. , 
ascocarps of various types. Subclass Loculo- 
Subclass Euascomycetidae. ascomycetidae. 
It includes 4 series and It contains four 
Several ordezs under orders e.g. 


each series e.g. Myriangiales, 


Microthyriales, 


Hysteriales, 
Pleosporales, and 
Dothideales, 
4 eee 
Series S l S l 
Sula eries eries 
Plectomycetes. Pyrenomycetes. 


Discomycetes. Laboulbeniomycetes, 
Orders Eurotiales, order Erysi- order Ostro- order Laboulbeniales. 
Microascales, phales, Meliolales, 


pales, Helo- 
Onygenales. nie, s Pezizales, 
p les, Tuberales, 
Diaporthales, 
ypocreales, 
eliales, 
phorales, 
J. Economic IMPORTANCE— The 
ale members of Ascom cetes ar 
m importance in human affairs. Some 4 ful 


of stone fruits, lest. Tot of corn, ergot disease of 


» apple scab, powd i 
t, tch elm diseas » Powdery mildews 
diseases of domestic animals aad ve vex eic. 


sworm, a illosi 
Purpurea an asco Pergillosis ( 


> Comycete which ; 
L id sod Aen pat -ye and other grasses i d 


these Into enlarged purplist, , 21S ergot disease trans. 
Maese bodies (sclerotia) contain E [eee alka led with hypha 


E 
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kills animals including man if grains or rye flour conti 
ergot bodies are consumed. 


On the other hand members of Ascomycetes are benefi 
commonly known morels and truffles are highly prized ib 
Penicillium notatum is the source of a bactericidal dru 
which is used widely and effectively in destroying 
organisms responsible for various diseases and infe 
are the principal source of alcoholic beverages : 
alcohol; certain yeasts are also used in baking industr 
fermenting activities. 


K. PHYLOGENETIC RELATIONSHIPS—Ihere are two 
opinions regarding the origin and relationships of the 
According to one view, as proposed by Sachs in 1875 
by Bessey (1942), the Ascomycetes have evolved from 
from same ancestral stock which gave rise to the red al 
theory is based upon obvious similarities between the 
features of the Ascomycetes and those of Rhodoph 
belonging to the subclass Florideae. These similarities 


(a) Formation of non-motile male gametes ie. 


both the groups. 
(b) Similarities between the ascogonium with tric 
Ascomycetes and the carpogonium with trichogyne of re 


(c) 
and the formation of asci 
Ascomycete 
filaments b 
indirectly) of Rhodophyta. E. 

(d) Ascocarp in Ascomycetes and cystocarp in Ane 


identical structures. à a 
e) Cell to cell cytoplasmic connections are noted in t 


of both Ascomycetes and Rhodophyta. ne 

Adherents of this theory regard me eon 
between Ascomycetes and red algae as evo pe Ais: 
not as indicating that one group has been 


he 
erally accepted at present tb igre 


FUNGI—ASCOMYCETES 


635° 


2&2 Comparison between Phycomycetes and Ascomycetes : 


Phycomycetes 
|. Members of Phycomycetes are 


moly aquatic, semi-aquatic in habitat, 
are terrestrial. They are mostly 


saprophy tes. 


2 Thallus structure ranges from 


maclike, unicellular to well 
m much branched, aseptate 


Asexual ‘oduction takes place 

ET ds of non-motile and 
ov XA within sporangia. 
4, Sexual reproduction of all types 
Among the members of Phyco- 

In many cases sexual reproduc- 
takes place by the formation of 
gametes developed in 

Semetangia. The tip of the female 
Seeetangium (oogonium) is not prolong- 
3 = Phycomycetes, 
reproduction, karyogamy 

fter plasmogamy. 


3.8 Structure and life history 
A. SACCHAROM YCES 


* epe related genera such as Schizos 


term ‘yeasts’ act 
Bei a inantiy Unicellular cM AU Ascomycetes 


Le. 
SY are abunda 


contain su 
cetac d Ceording to E. 


ascospores i 
5» olada thenogenetically frue naked ascus d 
8 


carbon dioxide. 


found ey 
atly found to where Over the surface 
gars such 


A. Bessey (1950) belongs to the 


Ascomycetes 


1. In Ascomycetes, aquatic. species 
are very few; mostly terrestrial and 
parasites of varying degrees. 


2. The thallus structure may be 
unicellular or mostly much branched, 
septate, well developed mycelium, often 
forming plectenchymatous structures. 


3. In Ascomycetes asexual reproduc- 
tion takes place by non-motile spores 
which are not produced in sporangia. 


4. Sexual reproduction of all types 
is also noted, but there is no forma- 
tion of well organised gametes; the 
gametangia bear only gamete nuclei 
embedded in a mass of cytoplasm. The 
tip of female gametangium (ascogonium) 
is prolonged into a structure called 
trichogyne. 

In Ascomycetes karyogamy never 
follows plasmogamy— instead there 
I5 à gap between plasmogamy and 
karyogamy, as a result dikaryotic phase 
is established. 

Here sexual reproduction leads to 
the formation of fruiting bodies 
composed of fertile and sterile tissues, 


9f some typical Ascomycetes ; 


: w 
© vegetatively by 


a single vegetati 


Carry out alcoholi 


9 Occur 


"Ur saprophyti 
as Ordinary sug phyticall 


ar solution, 


Family Schizosaccharomy.. 
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on the surface of ri its, i 

a x ipe fruits, in the ne 

wu uie in soil, in milk, in Me Ee 

X A es. Some are found to occur | 
als including man (Gwynne-Vaughan & Barnes, )2 


Vegetative structure 

J —Yeasts are uni a 

body of yeasts i.e. Saccharomyces Mee is 
and consi 


Chromosomes 


Mitochondria A 

z f ces 

Fig. 3.3 A—Diagram of an yeast cell showing pe oti h 
hain known Sac 


different parts (after Lindegren). B— 
of yeast cells (pseudomycelium) formed 
by budding ( after Alexopoulos 1952). 


6-8 x 5-6mg. Individual cells 


( creamish or brownish ) in co 
distinct and delicate 


or less central hyaline vacuole capped by a 
nucleus. i 1920) believed this concept, 
ing to him th 
and the nucleus lies appose 1 
(1910), the centrally placed large hyaline 
nucleus and the homogeneous bo 
- but Lindegren (1949, 1952) on the 
that the central hyaline area is not a vacuole but à 
chr 


nucleolus) traversed ‘ 
structure which was identified by Wager an 


cleolus is the centrosome (Fig: 2-2» A). 


Agar and Douglas (1955, 1957), 
Moore and Muhlethaler (1963), Rob 
and Naylor (1959, 1960) from he; 
ultra thin sections of yeast cells 
saccharomyces octosporus) have 
the structures of yeast cells. The 
70 my. thick. Chemical analysis an 
n he cell wall cono mi 

uci 
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i i brane 

forming a typical unit membran 
copa certain points the ER scd 
cw d Within the cytoplasm, en lop Hic 
“oa zn" d reserve foodsin the form of ane 
yay yp vacuole surrounded by a single um 

r 4 aie te Sentral Mon of thes eo hi 

vacuole stran s of dense i 

i work ; EE are probably pum. (poly. 
1-2 < The nucleus is distinct, it is surrounde y : 
: a b (nuclear membrane) perforated by des : 
= Envia is distinct from that which surrounds the 


Cytoplasmic 
membrane 


3.4—Structure of Saccharomyces cerevisiqe 
Fig. microscope (redrawn from Alexopouless 1962) der ig 

` vacuole. But electron microscopy Provides little information regard. 

ing the structure of the nucleus, Nucleolus seems to be absent. othe 
.  Wücleus is bipartite Le. composed of two Parts ; the larger part is 

| Feuer positiv and becomes elongated and constricted in the centre 
: but Soleo the Smaller part I$ Crescentic and st basiphillic 
41 but l - aad Giemsa-negatiy * The larger Part which b 

E eu i vision is Probably compose 


et ecome 
x “ae ey 9! parallel micro. 
sgnsbreduction— Saccharomyces and 

: ^x ane MR other genera Teproduce 

VEGETATIVE REPRODUCTION takes place by: 
e of reproduction is i 

omyces, Zygosq haromyce c dM tth time 

Outgrwoth or p berance i formed at Mu 

© nucleus of th Mother cell divides b thee 
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division into two 

daughte indegren, 

with aughter nuclei (Li 0 
mt Re ee i e 
Erone According to Webster (1970), the 1 
vi ees de redire and the nuclear env | 
e pda down. 4A portion of the conti 
Mid pect organelles enters the bud Next | 
connection between the parent ell and te al l sË 

$ e bu 
also undergoes budding in the M as manis all a re 


Fig. 3,5—Saccharomyces cerevisiae. 
A—E—Different stages in 
budding and the formation 
of daughter cells. 


yeast cells or buds is produced within a short time 
which remain attached with each other for som 
seudomycelium (Fig. 3.3B), or the bud may separa 
cells leaving its point o i 
chains of cells may be branche 
on the parent cell (multipolar). - 
(b) Fission—This is seen in ‘fission yeasts’ e.g: 
myces spP: Here the nucleus of the mother cell di 
into two daughter nuclei and is followed by cytok 
two daughter cells of almost equal size are produ 
separated. The two cells thus formed may remain tog 
time and begin to divide in the same manner. 
2. ASEXUAL Repropuction—In 
al reproduction takes 


dium 


endospores, k 
into an ascus. r 
of ascus wall and germinate under suitab © ain 
cells, cach of which at once unde b 


yeast cells. 
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favourable condi- 

L REPRODUCTION=It occurs ee an two somatic 

3. “| sexual union takes place Ie. rm the function of 

de s two ascospores which per eather homothallic or 

cells or metangia, Yeast cells may be cess, two copulating 
pene fg In Saccharomyces gp, during this pro 


inga 
tuberances forming 
a arlo pment Don pro onjugation tube 
pom d e Then the intervening walls of the conjug 
wis dissolution, the two ni 


uclei of the pepulating re “diploid 
orm 
the conjugation tube, unite with each ether Son tube broadens 
a nucleus. In the Meantime the conjuga the diploid nucleus. 
n and forms a zygote cell containing 
ext there follows two i 


pa ing four 
divisions forming 
Successive nuclear 


IDG 
PDD 


Fig. 3.7— Different stages of sexual Teproduction 
in Sa romyces sp, Owing the formation 
Of ascus with 4 ascospores (J). 
haploid daughter nud Which take part in ascospore 
formation, now the Mother cell ie. Zygote cell js called ascus, 
pores are finally liberated by bursting the ascus and begin to 
multiply by budding; 
Life Cycle types—A. Guilliermonq (1940) has Shown following 
types of life cycle patterns in yeasts :— 
First Typr— n Saccharomyces cerevisiae two baplo 
cells of {Wo opposite strains (+4 a. 
result a diploid 


uces many diploi 


lei all of 


nat fr, as a 
gain y buddi 
id so; cells; each diploid ell in ture 
haves like ascus and Produces four haploi 

+, and 2.) throug Meiosis, which 

tt buddi i 


Plc ascospores 
ie: on hs are finally liberateq a (n) 
odu, there i 
Somatic cells of two me Mone 


In this type there i< gsc: : 
haplophase and di te is distinct life 


— This type is seen in Schizosaccharomycos Oct, 
Vegetative ç Somatic cells are elongated and haploid Cay; 
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Each cell does the functi 
1e function of i 
uon two such involves the Ades eanna f 
e nj gating cells become apposed end to e és Me 
rige 4 which meet and fuse formim petes 
arm e two nuclei of the two cells pel to ie 
Qn) ini with each other forming a di loid 
Gdn phe mean ine me conan te a 
diploid, ayaote run aped structure (later 
d zy 1 | now undergoes th cces: 
x< wa re one is meiosis— as a recut eight halo n 
un - bosib an n are transformed into 8 a: 
d y cytoplasm. The haploi 

and behave like somatic cells--under Py Eli d 
multiply by fission. j 

In this type there is also a distinct li 1 
_ In ere i nct lif. 
diploid phases but diploid phase is very ote 
the zygote only while haploid somatic phase is long 
(Fig. 3.8, A). This type of life cycle is called haplobiom 


THIRD TyPr—This is noted in Saccharomycodes | 
long diploid somatic phase alternates with short haploid 
the life cycle is of diplobiontic type. 


Sometimes in some species of Zygosaccharomyces 
the phenomenon of pedogamy is noted. Here co 
between a parent cell and its bud. The content of the. 
back to the parent cell. The zygote so formed is adj 
develops as a 4-spored ascus. The ascospores enlarge 

Hear 


as somatic cells. 
In this type the diploid soma 
produces four haploid ascospores 
again copulate in pairs producing two diploid cells with 
these diploid cells produce germ tubes which come out o! 
wall due to pushes. From germ tubes diploid yeast ce 
out and are finally detached from the germ tube and. 
performs the function of ascus (Fig. 3.8, B). 
Economic importance of yeas 
ally most important fungi. Fo 
alcohol and COs, y ed 
wines and bread. The carbon dioxide 
se in the baking ovens and gives t 
Yeasts used in brewries are 
*bottom yeasts’. 
sugar solution to be fermented 
rtion where oxygen supply is po 
fermentive power. Yeasts are sold int 
of commerce, generally used in 
Yeasts also manufacture vitamins. 


synthesize pro e. 


tic cells function as 
(n) as a result of 


teins from mo 
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yeasts is very important in th ! 

e productio foods 
yeasts are great sources of vitamins and mee pe i 
as valuable food. uec 


_ A few species of yeasts are parasi a 
diseases of tomato fruits and eus [vm "Son a 
are often pathogenic in man causing a number of diseases 
blastomycosis or torulosis is the best known—this d 
the central nervous system and skin of man. : 


Aleoholie fermentaion—Yeasts can set up al i 

[ coholic feri 

when placed in sugar solution—sugar is deon by ti 

system called zymase into ethyl alcohol and carbon dioxi 
follows :— 

C,H,,0,————-2C,H,OH 1-2C0O; 

(Sugar) Zymase (Ethyl alcohol) (Carbon dioxk 


Carbon dioxide escapes and accumulates on the solution. 
froth while alcohol accumulates at the bottom of the soluti on. 


Salient features of Saccharomyces :— 
(1) Thallus structure is very simple, being represented by a single 
(2) The cell wall is distinct and composed mainly of pectin, 
polysaccharides ; chitin may be present. 
3) True nucleus with definite membrane is present—the nucle 
from the vacuole. 
(4) Various other cell inclusions such as fats, glycogen (as 
endoplasmic reticulum, mitochondria etc. are present within 
(5) Three types of reproduction e.g., vegetative, asexual and 
present. x : 
(6) Vegetative reproduction takes place by budding, fission etc, a x 
endospores and sexual by gametangial copulation method. 
(7) Thallus may be homothallic or heterothallic. 3 M 
(8) Three types of life cycle e.g. haplobiontic, diplobiontic 
diplobiontic are well marked among different species and g 
myces cerevisiae ; S. apic 


ommon Indian species 1—Saccharo. 
| ; S. steineri ; Schizosaccharomyces octosporus etc. 


B. ASPERGILLUS (EUROTIUM) 
s a 'form-genus 


^; it belongs 1o. 


der Plectascales under the 


family Aspergillaceae of the or Er es Tha eneric nam 
scomy: nidial sta ge) the 


genus Asperf'ss this fungus on that basis rather s 


to discuss 
% its perfect stage” (Alexopoulos, 1962). 
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illus with about 80 species is cosmopolitan 

Aie enia eateries species of the form-genus Aspergillus 
occur saprophytically under a common name *mould" fungi on 
decaying organic materials, on the moist surface of fruits and 
vegetables, preserved fruits, moist breads, jams, jellies etc. Some 
species also grow on moistarticleslike leather, cloth fabrics etc. Several 
species also occur on soil. Aspergillus niger or the “black aspergilli 
group" are widely distributed from the arctic region to the tropics 
and are commonly known as black mould. Several species of 
are parasites on animals and human beings which cause a 

group of disease collectively known as aspergilloses. 


Vegetative structure—The vegetative body consists of inter-woven 
much-branched mycelium. Mycelium is composed of well developed 
hyaline or pale coloured septate hyphae, each septate part i.e. hyphal 
cell is multinucleate, and contains granulated and vacuolated cytos 
plasm with oil globules as food reserve. 


ini D of fruiti 
nta itin 
ng conidia, Ing ascospores, U 


ace by the 


f 
m the vesicle Yes 


ati 
of the Hon of 


aseptate 
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conidiophores. At the ti 
the h ° e time of asexual re i j 
the ya, become thick wal cach of whch Bs Kho a 
called conidiophors s r raigh thick-walled and e 
of each conidii hole bes oped vertically erect in the air, 
vesicle. The shape of E UE and swells to fo 
Bemispherical, elliatial ar r vesicle is generally globose, but 
the cavity of the vesicle rahe? The vesicle is multinu ate 
phore. Soon after, nume generally continuous with thee 
sterigmata are budded cht. siti bottie-shaped outgrowths, e 
of the swollen vesicle. a ese from the upper: 
formed in one (common t a to species, the sterigmata mi 
primary, secondary or tertia Ar three layers and 
secondary and tertiary We respectivei 
conidia whi jons, only the unosa 
ie Da le the lower layer(s) acts only as supporting 
c 8 aring sterigmat alia 
in contrast to moneda Ed E pea am ae 

The apical narrow elon i aped s 
is called spore producing "i FE » P fort 
conidia, the nucleus of the sterigma divides mitotically 
one of which passes into the tube. Then the apical po 
tube is cut off as a short uninucleate cell, the conidium- i 
ponn x n rA ch bape gee and another cell is cut off 

š ss continues, as a re i coni 

formed in basipetal succession. Conidia ic colt E 0 
Sa tae with apes! roughened walls and greenish or blac 
in colour ; generally conidia are multinucleate. sometime 
remain uninucleate. At maturity conidia become deciduous am 
rad ane. L pee each conidium germinates, pro 


hing a suitable substratum. 

It is this conidial stage i.e., non-ascosporic or imperfect s g 

which the generic name Aspergillus was given. e 
n a fe 

he formation of perfect 


reproduction leading to t 
species O 
Benjamin 
Aspergillus Spp. possessi 


o 
herbariorum) 


archicarps Or ascogonia 


ely coiled structure 2: 1 
ultimately differentiated into 
cells e.g- (a) r oogonium, a ü 1 
Spent) anda multicellular stalk (basal portion). 
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develo! an upright branch either from the same hypha bearing 
asss kad or hom another adjacent hypha. This antheridial 
branch is septate, the tip of which is cut off ultimately into a 
unicellular, multinucleate antheridium proper. Antheridium bends 
and coils round the ascogonium, contact may or may not take place 
between antheridium tip and trichogyne of the ascogonium, even if 
there is contact between the antheridium and the ascogonium, till 
then neither the contents of the antheridium pass to the oogonium 
nor there is any fusion of the gamete nuclei. Any way, the nuclei in 
the ascogonium become paired and then septa formation in the 
ascogonium takes place in such a way that each cell contains paired 
nuclei. In the meantime sterile hyphae arise from the stalks of 
the sex organs investing the oogonium proper and thus form the 

or ascocarp wall—in this case ascocarp is of cleistothe- 
clum type. 


From the binucleate cells of ascogonium sterile branched hyphae, 

as ascogenoushyphae develop—from the terminal binucleate 

cell of each Sscogenous hypha an ascus develops. The young ascus is 
binucleate in the beginning ; the two nuclei fuse to form a diploid 
nucleus (definitive nucleus)—the diploid nucleus then undergoes three 
Successive divisions of which one (first) is reduction division or 
eR vid conste -— DANCE eight haploid daughter nuclei 

r on 
e chc om eight ascospores. In an ascocarp 


ys features of Aspergillus (Eurotium) :— 
Most species are saprophytes i 
A EUER Some are parasites on annia 


Ë as mould on the surface of moist 
y. 
tgetative body is Composed 


nd human bod 
of much-branched 


» Septate, hyaline or 
e Reproduces asexually and sexually, 

š etra! reprod "v Ad formation of Conidia in chains Conidi 

T Sera + Conidiophore 
form-genus Eurotium, 


Common Indian 
Aspergillus species —Aspergill ; 
repens (Eurotium repens) etc, herbariorum (Eurotium herbariory m); 


por £ : 
gillus, due to thei 9f Aspergillus ; 
: r 5. us—Vari A 
3 industrial fioc" sper ng matic activities ee Species of Asper- 
Production Of citric an ^ Etus niger is used f. used in Various 
he manufacture of “en mic acids. s oh ommercial 
pader the name "Pályzis Preparations Tee lso used 
oryz e ç ich are 
ae is used to manufacture adiastase". Sold in 
Sake (an alcoholic b, c 
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concocted from rice) and various o oods. 

o m r ther ferm 

ree a species is used largely in Java in m soya 
here are some species e i ; 
i -g. Aspergillus 

A. niger etc., that cause diseases of Rid ear, pe 

organs of animals including man—these diseases are 

known as aspergilloses (singular : aspergillosis). / 


Life cycle—Life cycle of Aspergillus is like that of P 
C. PENICILLIUM 


Penicillium belongs to the family Aspergillaceae of the 
Plectascales under the sub-class fn sa of tl 
Ascomycetes. m 
_ Like Aspergillus, the form-genus Penicillium with about 
is very common and cosmopolitan. Penicillium is a 
fungus, commonly known as blue moulds or green t 
cause members of this form-genus produce blue- or green « 
colonies on various substrates. Most of the species of Pen 
grow on various types of decaying vegetables, fruits (freq 
citrus fruits), on jellies and other preserves, on other food-st 
bodies (plant and animals) wh 
Some of 
d with animal 


diseases. Penicillium also grows in soil where it spo 
$ table for food. 


Vegetative structure—The veget: 
is composed of freely branched, 
anastomosing hyphae ; hyphae grov 
of the substratum and produce rhizoi 
tum for absorbing the nourishment therefrom. 
thin-walled, multinucleate and von granulated am 
cytoplasm with oil globules as food reserves. 
soi compact structure called sclerotium (Srivastava, 

Reproduction—It takes place asexually and sexually. 

1. ASEXUAL REPRODUCTION takes place by the forma 


ie idi ; e conidiophores, 
conidia on erect conidiophores Pus HU specialised 


from any ordin y 
foot-cells. At the time of asexu 


mycelium produces simple, long, epe aefnite x 


; these conidiophores are o 
nt ‘es unbranched. The con! 


mmetrial 
(Fig. 3.10 A). Therefore the soon 


gives the appearance o 


ferred to as 
The whorl of branches produce 


metulae, these metulae lie close 
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le-shaped 
inucleated bottle-sh lids. 
ber of uninuclea mata or phia 
uces a num own as sterig orting the 
Breaches in a tu Ku ma dr penicillus 
breaches branches (produ rt and form ap of some specie 
When the comparatively sho he conidiophores t or fascicled 
metulae are Sometimes, t into compac! isma 
they = — EL NM d apex of oes eib, 
of known as —: in a long y Semua or rough, 
gosc: ick-walled, varies 
ovoid — or RENE M eign sltkoush eee yaridusiy 
te and mostly es (bluish, yellowish "qosay colony 
ber of shades sible for the cha he formae 
through a numi ly respon thod of t 
idia are mainly icillium. The me š 
coloured coni of Penicillium, age 644) 
colour E eae as in Aspergillus (refer pag 
is the 
tion of conidia 


Fig. 3.10—Penicillium sp. A-C 
B 


‘on’ 
n sexual reproduction, 


idiophore bearing conidia. B.E. Different 
F— leistothecium in surface view, 
€istothecium in Section. H—Ascospores. 

Conidia become detached and a 
by means of wind 


Te carried to gi 


» each Conidium under 
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germinates putting forth a 
a new mycelium. A a germ tube, which after ra 


Ascogonium, when young, is uninucleate ; as it el 
nucleus divides and redivides forming 32-64 nuclei resu 
formation of  multinucleate structure. Meanwh 

antheridial branch develops from a neighbouring cell of t 
hypha ; the antheridial branch coils loosely several times f 
ascogonium and then a short and swollen uninucleate 
antheridium proper, is cut off at the tip. The tip of the 
becomes applied to the ascogonium--at the point of th 
the intervening i.e. common wall dissolves, forming a pa 
which migration of antheridial protoplasts takes place. But 
to Dangeard (1907) no nuclear migration from anther 
the ascogonium takes place. According to him, multinucleate 
nium undergoes septation to form a row of binucleate Ces; 
cach of these binucleate cells one or more branched 
hyphae having binucleate cells grow out. ‘Simultaneously 
development of ascogenous hyphae, sterile elonga fe 
hyphae grow up around the sex organs from the adja 
of sex organs; these sterile hyphae ultimately develop inte 
felted outer wall of the ascocarp. Further details reg 

development of ascus and ascospores are not bee 
nuclear fusion ie. karyogamy takes place in the o 
(ascus mother cells) of the ascogenous hyphae, which : f 
meiosis at the time of ascospore formation, as a resu 


asci (Emmons, 1935) are formed. 


The ascocarp of Penicillium is cist 
the mature ascocarp is two-layered ; within the a 
asci are irregularly distributed or they may be 5 pet 
ascus is globose or pear-shaped and contains Mec 
pores are elliptical and provided with apis pee) 
set free within the cleistothecium after : 


" . Benjamin (1955) ed. T 
aiu on Penicillium which produce oe as disappro ; 
to characteristic conidial stages. Raper ck Panel 
of Benjamin and proposed to retain the ge 
whether entirely conidial or ascocarpic. 
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wall, finally ascospores are liberated to the exterior with the 
decay of wall of the ascocarp and germinate, producing new 


e—AÀ few species of Penicillium are of great 

im ce. The best known antibiotic drug “penicillin” 

is obtained from P. notatum and P. chrysogenum. The drug 
" was first obtained from P. notatum by Sir Alexander 

Fring (1881-1953) a British scientist. Some species are used in 
processes such as in the production of organic acids like 


citric, gluconic, oxalic, fumaric and glycerol etc. P. roqueforti and 
P. camemberti are used in the ripening of highly priced cheese. 


Conidia- 


| ASEXUAL 
Conidiophore 


uon n9) 


Somatic hyphae 
=—————— 


Ka 
“€ Antheridium 
så Ascogonium 
° 
Ascogonium with 
Xu binucleate cells. 


(Meiosis) / 


K. Ascogenous hyphae 


X 
y DE BC 
ig. 3.11—Life Cycle ol 


: f Penicilli 
tables of Pe Po: tum Sp. 
they are also effective ium attack and 


à destr : 
` es o 
associated with oed Feather 3 fruits and vege- 


diseases, 
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Salient features of Penicillium :— 


(1) The vegetative body i.e. the mycelium is mad ch 

p [ Le. le of bra: 

and anastomosing, hyaline or pale coloured hyphae sons MAR 
delicate rhizoids to absorb nourishment from the substratum. 


(2) Penicillium grows as Saprophytes on various types of fruits, 


other organic matters; species of Penicillium 
c ; are only kno 
blue' moulds. ks 


(3). Asexual reproduction by the formation of conidia on comit 
Conidiophores are long, erect, symmetrically or asymmetrically branched, 
broom-like structures which are technically called ‘penicilli’ (singular : f 
Conidia are like glass beads, they are globose or ovoid mainly 
rough or smooth, uninucleate and mostly green in colour, 
in chain from the sterigmata tips by abscission. 


(4) Sexual reproduction is of gametangial contact type. Sp 
homothallic and heterothallic. In some species both the sex organs 
while in some others only ascogonia are functional, 


(5) Ascocarp is cleistothecium type. 


Common Indian species :— Penicillium vermiculatum (Talarol 
tus), Penicillium wortmanni (Talaromyces wortmanni) etc. 


D. PEZIZA 


Peziza belongs to the family Pezizaceae of the order ] 
under the sub-class Discomycetes of the class Ascomycetes, 


The genus Peziza contains about 50 species. Most of 
of Peziza grow saprophytically on animal dungs, well man un 
on ground rich in humus ; some species also grow on deca 


Vegetative body— Vegetative body is the mycelium ; 
of Ms iir developed and much branched hyphae which 
inside the substrata forming a complex net Ms 
septate and hyphal cells are short, multinucleate or 


i is evi the sub: 
The presence of this fungus is evident above 
its Cub-sha ntd fruiting bodies called apothecia. 


Reproduction—Peziza reproduces asexually and sexually 


lace in some 
. ASEXUAL REPRODUCTION—It takes place ora 
(Peziza vesiculosa, P. repanda) by the Tore bs 
thick-walled endogenously produced spores, ess 
Conidia are cut off from erect conidiophores. 


ithi the my 
produced either singly or in groups within the cells of 


2. SEXUAL REPRODUCTION ea d AR ON 
. Hence typical sexual rep ctio! 
"a arr structures is absent in Pea a 
Thin the vegetative cells has been notic €—Ó 
wi as feeble type of sexual act (soma oga Wes 
ti - In the beginning an oval ka by Re ir 
i h /phae is formed, which opens abov a dee i 
of hyp f the mass of hyphae, some somal! M 
2b ans present. These somatic cells copula! 
ce 


* Srivastava (1962) 
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copulatio i of one cell migrate into the other, and 
— there ekhar E d or in fused condition—from this 
cell a number of ascogenous 
(P. tectoria) develop and 
ultimately become septate, 

esch cell contains either paired 
nuclei or two fused (2n) nuclei as 
the case may be. Ascus proper 
develops from the terminal cell of 
ascogenous hapha—the 
terminal cell bends, forming a 
hook £e. crozier, its two nuclei 
divide simultaneously into 4 
nuclei, next septa formation takes 
place in such a way that the 
curved subterminal cell i.e. penul- 
timate cell retains one daughter 
of cach division, while 
others are cut off by septa—one 
in the apex ie. in the ultimate 
cell and another in the basal i.e. 
stalk cell below the curve. Then 


gute of the subterminal i.e. 


two are equational or Fig. 3.12—Peziza SP. A—Fruitin 
Td divisions are reduc. Podies (apothecia). BM ° 


V ortion of the 
rachymeiosis) and its bymenium of apothecium in section, 


ther ; they are 


cso 
tes are smooth. pores arran e 
ascospores are libe -walled and el x 


in large 
n falling upon SCattered py 


a suitable 
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substratum, each i 
m, erm 
-develops into a aw [i cie à 


y putting forth a He 
Conidia 


ASEXUAL 


Somatic hyphae 


Ascospores 
Some unknown 
SEXUAL (sex organs not 
Meiosis or 
BRACHYMEIOSIS 

Ascogenous 

binucleate | 

Fusion Of (either diploid 

Karyogamy 


Ascus mother cell — — 


Ass (ae has! 


Fig. 3.13— Life cycle of Peziza sp. 


Salient features of Peziza :— 


(1) Most species are coprophilous growing saprop! 
(2) Vegetative body i.e. mycelium is composed of rerit 
branched, septate, hyaline hyphae. Hyphal cells are multinu 

(3) Asexual reproduction in some species takes place by the 


conidia on conidiophores. 
(4) In Peziza, sex organs are not formed at all; S 
somatogamy has been reported to take place. 

(5) Ascocarps are apothecia type. Apothecia are 
or saucer-shaped, larger than the apothecia of Ascobolus, c 
protruded beyond the hymenium. Ascospores are ell 
they are uniseriately arranged withia the ascus. 

Common Indian species :—Peziza vesiculosa ; 


repanda etc. 


E. ASCOBOLUS 
Ascobolus belongs to the fa 
Pezizales under the sub-class Disc 
Most of the species o 


found to grow saprophytically on dungs of 
cow, horse, rabbit etc. during spring and summer. 


+< 
Pox 


P. catinus i 
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occur on burnt soil among charcoal, on well manured ground, on 

decaying plant materials etc. : ; ¿ 
Vegetative body—The vegetative body is the mycelium which 
Consists of well developed and profusely branched septate hyphae. 
Hyphæ ramify along the surface of the substratum forming a cottony 
appearance. Hyphal cellsare multinucleate, cells contain granular 
and A drops as food reserves. Due to the accumula- 


of oil-drops in the cell Protoplast, the hyphae become creamish 
in colour with age. 


and sexually, 
l. ASEXUAL REPRODUCTION— In Ascobolus carbo 


Papulospore consists of one 
or two large central storage cells surrou 

which later form blister-like outgrowths, This Spore never gives rise 
to ascocarps but on germination produces i a. 


In A. Stercorarius, large number of oidia are formed j i 
the complementary mycelia 4 and erived teh "ss 
Pores (Dangeard, 1907 ; Green 1931 ; Dowding, 1931). Each oidi 
9n germination produces new hypha. "s 
2. SEXUAL REPRODUCTION— Sexu 
by gametangial contact 


idia) arise on the 


Younger and th eT, male 
) on the older hyphae of both straj $ female o 
takes Only whe Strains. Normal 

(dand Bye a ass 


an 
fertilizat; 
: 9i two co dO 
; come contact ith each Other— this + eae Strains 
fertile form, a biologically heterothallic and be 
young sexual] branches after their q; 
s ftot d r i i 
te; shortly they divide formi g s elatentiation, are multi. 
n nra Structu When two d: one or t 
Straine ; 
Sradually mature i n a ingled, X [t 
may be scattered ngly, or very freque Iset OF o n ieee 
9f3to4, The grouped PERSE Ociate ris es 
the elongates more an the other, m, Uches he: 


€ More o 
shorter on Ongated on 
e Septate Very o 


p 
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Generally the female i.e. ascogonial branch becom 
and is differentiated into a terminal and septate trici 
unicellular oogonium and a multicellular stalk. . 
multinucleate. The male ie antheridial branch rem 
becomes a cylindrical or clavate body i.e. antheridium 
cytoplasm, many nuclei and a stalk composed o 
Union between antheridium of strain A and ascogoniu' 
or vice versa takes place. At first, trichogyne of 
elongates rapidly, grows out and coils twice or th 
antheridium. i 


ALS oer. . 3 i s ( 
ifi e! iting 
Fig. 3.14 Ascobolus magnificus. A—Few fruitin bodie: 
by phae. E—Portion of the hymenium of apothecium T 


LI er the tip cell of the trichog 


i tac r b 
walls at the point of con the an din 
begin to leave 4 
vss. ep through the perforated septa 
finally fuse in pairs with > 
gonium (Gwynne-Vaug an 
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of Fruiting body and Asci—After fertilization the asco- 
—€— een e bud out from the oogonium—the fused 
nuclel (diploid) enter into the ascogenous hyphæ which later on 
become septate. Septa formation in each ascogenous hypha takes 
in such a way that each cell contains two diploid nuclei. Ascus 
ormation takes place from the subterminal binucleate cell (also 
called penultimate or ascus mbther cell) of each ascogenous hypha by 
the hook i.e. crozier formation method—(for detail refer art. 31, D) 


Conidia 
(=) : 
Somatic hyphae 


Dea Xt 


Antheridium Ascogonium 


1 


Eight Ascospores (n) 
Male nuclei 
Female nuclei 


Eight haploid (n) nuclei 


Fusion of male and fe, 


ation male nuclei ` 
E š in pair within ascogonium and tbc, 
d elosis Pairing between diploig nuclei S: 
BRACHYMEIOSIS SEXUAL 
Ascogenous h 
ate yPhae with 
EL. TNR diploid (2n) binucleate cells 
we 


Ascus Mother cell 


With two diploid (2n) nuclei | 


án nucleus 
Fusien between 
the diploid (2n) nuclei 


Fig. 3.15—Life Cycle of Ascobolus magnificus, 


The two nuclei (2n) under i 
t go fusion withi 
aio coll forming a tetraploid (4n) nen "Ber cell i, Yi 
m : of these, first and third q; de tetraploid 
es esult eight haploid nuclei are formed SONS bei 
Penang y cytoplasm constitute ascospores De Which When 
` While the formation of asc; ; 
asci and asco 
form con gone grow upwardly surrounding S eo Fre some 
cn Fg I, urnas it known ay ane and 
dies i.e, ec i 
y OF partially embedded wit a uiis or Substi ita a ett 
Bey ali hin the Pitate 
1 and cup. or Saucer-shaped gene : 
Upper surface is concave lane or con Bteenish in ¿ (Hey are 
> Plane or conve Colou 
* and form py cub the 
Ymenium 
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Hymenium bears se 

I š ptate paraphyses and asci In; 
asci are projected well beyond the level of fae t 
cylindrical or clavate, operculate. Ascospores are nu 
reet prie tho ascus ; mature ascospores are di 
are elliptical or subglobose, ei "T 

Er oem globose, either smooth walled o 
The ascospores are liberated throu h th s 
I te e apex of as 
numbers under moist conditions. These ‘potas ae 
wind over considerable distances. On falling upon @ 
substratum, each germinates by putting forth a germ u 
develops into a new hypha. 


Salient features of Ascobolus :— j 
(1) Mycelium in composed of well developed, profusely brane b 
hyphae. Hyphal cells are multinucleate and contain oil globules as 
(2) Species of Ascobolus are coprophilous and grow as saproph 
(3) Asexual reproduction by the formation of conidia and 
reported in a few species. 
(4) Sexual reproduction is 
homothallic but cross fertile. 
(5) Both the sex organs are well developed and 
provided with trichogyne. 
(6) Fruiting bodies are apothecia type. Apothecia are cup- or 
asci are parallely arranged in the hymenium along with para 
protruded. Ascospores are dark-coloured at maturity and multis 
within the ascus , ascospores are elliptical or sub-globose; either 
or becoming sculptured. 
Common Indian species :—Ascobolus magnificus ; 


A. glaber ; A. immersus etc. 


F. CLAVICEPS 


of gametangial contact type—A. mag 
functional. Ascoi 


Claviceps belongs to the family Hypocreaceae Of 
Hypocreales under the sub-class Pyrenomycetes 0 e. 
mycetes. Some authors (Alexopoulos, 1962) have P' 
under the family Clavicipitaceae of the order Clavicip! 
es is parasiti 


The genus Claviceps with about 10 speci: 


of grass family (Gramineae) causing the 
Claviceps e iei ist 
on the carpels of rye P. y 
species also occur as parasites on other 
wheat and other cereals. Claviceps purpu 


ngus or “ergot of rye" as it causes erg 

ergot disease the grains of rye € trans 
sbaped, blackish sclerotia known byt p 

a well known serious disease seen among P vested 

due to intake of sclerotia along with the ha ier 

Vegetative body is the mycelium which is oe 

short, tubulated and loosely 


S transformed into dark- 
Club-shaped, pseudoparenchymatous y 
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selerotia) immedia i d 

after when ovaries of carpels are destroye 
the J - cnn are generally projected from the spikelet. 
"The sclerotium is the “ergot” of commerce. 


Life-history may be divided into three following stages :— 


First SrAGE— This stage is known as honey dew stage or sphacelia 
stage ; itis so-called because the conidia of Claviceps were once 
considered an imperfect fungus Sphacelia segetum. In this stage 
infection of the flowers of host plant (during flowering time) takes 
place by the help of wind disseminated, slender, needle-like 
ascospores. The ascospores germinate by germ tubes which pene- 
trate the ovary inside, invading and destroying its Contents and 
finally ramify it with mycelium of septate hyphae; later on 

) grow outwardly through the wall and spread over the 
surface of the ovary forming a dense coating of white mycelial mass. 


Conidia 


|, Sclerotium Sphatidium, 
\ Stipe 


Fig. 3.16—Claviceps urpurea, A Š i 
urea. A—Portion 
B formation ofc pana in sphacelia st. 


Of rye plant with sc 
naitudinal se — 


age, lerotia, 


Titae ction t| erminatin 
E—A perithecium, F--An 8. cud E ; cmaeridium, 

Next a palisa de-like layer of es. 
entire Paca sh 


Numerous” 
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carry conidia with them from the infected flower to ot i 
flowers causing new infection through the germination o 
by the production of new mycelia within the ovary. 


SECOND sTAGE— This stage is called sclerotium or ergot 
this stage, the hyphe that were so long producing al 
become densely compacted and form dark-coloured | 
pseudoparenchymatous structures known as sclerotia | 
Mature sclerotia are about 25 mm. or more in length and. 
the glumes of spikelets in protruding manner muc 
spikelets. Mature sclerotia either fall to the 
remain dormant until next spring or they may be m 
at the time of harvesting which may return to the field 

THIRD STAGE OR ASCOSPORE STAGE—In this Exo 
sclerotia takes place. Germination begins in the f o" 
required moisture is available. Each sclerotium germin 


Yo, 

CC T7 

ic^ ve." ohonpoidoi, | "2 - 
emo 


i f Claviceps purpurea £ ol 
ne pm pta Visca er 

several ish or violet stalks (ea own à 
yl ich terminates into à Capi. 


ured head known as sp 


es UR 
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i i in contact 
h pilla) which comes in 
ber ge ane of the resi 


Each ascus Contains 8 
taining ascospores formation takes place, 
thin peripheral wall develo 


- Several elongated 
in each mature perithecium. Mature 
Spheridium of th h only 

S ngated needle-like 
Produced $8 į 


are carried 
k host plants—there the 
bring about new infection 

m r o e sclerotia of Claviceps g 
Tul. i.e. ergots (sc rotia) are used į Preparation of 
powerful abortifacien, which is als, used in Controlling h 

or NE. child birth. : 
Purpurea contain Severa 
ergotoline, ergotamine 


; Claviceps 

` ergometr ne, ergotoxine 

etc. ; of these the for i 

e n ofthe wert} mer on Causes rapid 
Disease caused by Ergot— e 

parasitizing 


a Th mycelium of 
S responsible 


Claviceps urpurea 
1 for the plant di ta ow 
Ol tye’, The fungus does n 
host plant to a great de i 


t affect th ld a 

ct the yje of th 

but the lerotia of th t 
poisonous alkaloid Contents, 4 i a i 
logical disease of domestic animals (cattle, gon sible $a the Physio. 
Süerotia are consumed by them along With the harves an When 
Such disease is known as ergotism, "vested grain 
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Salient features of Claviceps :— 

P ird: on rye plant and other members of grass family. 

Q. egetative body i.e. mycelium consi: niat 
Tes firstly ramify inside the ovary Kredit late ai 
orm of white mycelial mat which in the be; nied rode s B 
conidiophores. ES F 

(3) Mycclial mat is eventually transfi i 
parenchymatous bodies called Se ormed into hard, a 

(4) Sclerotia on germination produce stroma troma ) 

( ta. E pro 
a violet-coloured long stalk called stipe and a Eas 0 " nk 
globose head called sphaeridium. i 


(5) Multinucleate sex organs i.e. asco i 

je: gonium and several 
from the same hyphal branch within each minute cavity of Eu 
each stroma. Ascus formation possibly takes place like those of otl 


of Ascomycetes. 
(6) Ascocarp is flask-shaped i.e. perithecium type. Perithecia lie d 


in the sphaeridium of the stroma. They open out on the surface throu 
neck-like ostiole. Asci are elongated and cylindrical, several asci are 


within cach perithecium. 

(7) Ascospores are needle-like i.e. filiform, produced 8in numb 
cach ascus. 

Common Indian species :—Claviceps purpurea ; C. digitarie; C.P 
viridis ; C. pusilla etc. 

Symptoms of the disease— The first visible symptom 
the inflorescence in the form of sticky yellow fluid sec 
infected flowers. This sticky fluid is called honey dew. ^ 
ovary becomes infected firstly internally and then superic 
superficial whitish mass of mycelium—as a result, ovarian Us 
completely replaced by mycelium. This is followed by a prO 
swelling an celial mass. which 1S 8 
converted into à sclerotium. During t b 


ovarian tissues are completly destroyed. 
and hard structures, usually much longer than the no 


Contro] of the disease—The control 


.—(a) Use of Ergot-free seeds done byi 

ds in 20—32% solution of sodium chloride 

assium chloride. The diseased seeds 

the solution which may be easily sep: 

at the bottom of the solution. b) 

viable for one year. 

with non-succeptible crops such 

infection. (c) 

free harvest, 

jonary on 
Cultivation 1 

ich ‘buries the sclerotia and thus P. 

e Sent from the margins of cerea 

in the 


cleaned out 1° 
infection from diseased grasses 


are 
see 
of pot 


CHAaPTERIV Basidiomycetes 


4.1 General account of Basidiomycetes : 


lis, stinkhorns, bracket 
call generally mushrooms, toadstools, puffba coupe pone, 


ute a group more 
primitive than higher i.e. true Basidiomycetes. 


A utside of a specialised Spore pro« 
called basidium (plural basidia). Basidiospores are 

— iai: and haploid (n). he med as a result 

of karyogamy and meiosis. From each b 

called sterigmata (singular : 


A. Economic IMPORTANCE—B. 


asidiomycetes includ 
fol as well as some useful i. T 


groups of fungi. 
es causing serious pl 
rusts and smuts—those two g 


of ornamenta] 
laod p are Arsen and used ag 
of many _ Countries e.g. Ushroom Agaricus pj 
fungus is cultivated extensively for marketing ® aris 
B. SOMATIC oR VEGET. 


dod e somatic body is 
evelo 
yphal cell wall is com Ped, freely bran 


complete 
es throu gh 
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(a) Primary mycelium—It develops fi à 
haploid basidiospores—In the bM Tis, mold 
to many time divisions of basidiospore nucleus or m 
the germ tube emerges from the spore and begins to TOV 
a multinucleate phase of the primary mycelium is very sho 
followed by the formation of septa—as a result, the - 
becomes septate having uninucleate cells. This is knows 
primary or monokaryotic mycelium. The primary m 
mainly by the formation of conidia or oidia borne on coni 
or oidiophores respectively. p 


(b) Secondary mycelium—This mycelium develops í 
primary mycelium, its cells are typically binucleate (d 
The binucleate je. dikaryotic condition originates as 
fusion of the protoplast (without karyogamy but pla 
of the two uninucleate cells. This process by means 
monokaryotic mycelium is converted into a dikaryotic 
known as dikaryotization. The binucleate cell thus form 
a branch within which two nuclei migrate, there the two 
conjugately and the daughter nuclei separate into two 
— thus initiating binucleate mycelium. There are other n 
by means of which dikaryotization takes place (refer sexi 
tion). Raper (1953) has shown that binucleate 
initiated by clamp connections (refer article 
secondary mycelia exist during the major part of 


Basidiomycetes. 


j jum—Terti lium origi 
c) Tertiary mycelium Tertiary myce: ) 
MAU mycelium when the secondary mycel 0 
sterile tissues. The cells of tertiary mycelium are 


ium i he organised, sp 
type of mycelium Is represented by t g > Spe 
Ham which constitute the sporophores 1.e. basidiocarp 


Basidiomycetes. : 
C. REPRODUCTION—Vegetative, a: and uyu 
reproduction are noted among the mem er 
1. Vegetative reproduction takes place by means 


by fragmentation of the mycelium: E A 
2, Asexual reproduction takes pag by, me p uction ( 

spores such as conidia, arthrospores and ora: x 

i ly in smuts, 

mation is found common me 
gem both the basidiospors* E Aes 

uredospores of rusts are conidial in orig! 


Arthrospore 


brea 
— € these arthrospores 8€ 
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uced by special short branches of hyphae called 

Cae eda d the Tip of oidiophore, oidia are cut off in 

succession. Oidia often serve a dual function, e.g. they may either 

germinate producing uninucleate primary mycelia or they may 

act as spermatia uniting with somatic hyphae. Oidia | format- 

jon takes place in many members of the subclass Eubasidiomycetes 
tes. 


3. Sexual reproduction—Typical sexual reproduction with the aid 
of sex organs is entirely lacking in Basidiomycetes. The somatic 
hyphae and oldia (detached somatic cells) of opposite strain or 
sex take over the sexual function—for this reason maximum reduction 
in sexuality is noted among the members of Basidiomycetes. 


In rusts, only a little higher type of sexual reproduction with the 
help of specialised spermatia and receptive hyphae of opposite sex by 
aspermatization process takes place. 


c phae of opposite sex c 
to cach other and their uninucleate cells fiiere ae ae 


thus binucleate condition i.e. dikaryoti 
uninucleate condition ie. Sida 


to secondary mycelium) so by clamp connections (for detail 


Dikaryotization of a monokaryotic m 
Place also by an oidi i 
therefore 


k n he y means ini : 
Mataryophase on ion) from Ai babe 7 Me 
= ccomplished either by Somatogamy or by 


. Important step in 
. . . (nuclear fusion) which takes place at a ii^ 


the binucleate cic’ SEP between plasa ater period in Basi 
D. SExUALITY 
B 
cycle inclu n 
ikaryotic phase me Sexual 


kar 7 by soma- 
phase through C aryotic phase) and my and 
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house (1949). He has shown th i F: 
49). at pri ia of ab 
cent species are heterothallic while the a 
are homothallic. Again heterothallic species are of two ¢ 
eg. Hs Mae species and (b) tetrapolar species. About 37 pe 

othallic species are bi ile remai per 
vole so p ipolar while remaining 63 per 


In bipolar species, the 4 basidiospores of a basidium and 
mycelia produced from them are of two mating types, cc 
each of the four primary mycelia is compatible with 
other primary myclia. In primary mycelia, each nucleus 
single allelomorphic sex factor which is directly of oppo ite n 
that present in the nucleus of the other mycelium. These 
are located on homologous chromosomes and are generally 
as Aa. Asa result of somatogamy or spermatization, 
roduced, in each i 
one nucleus has the factor À and the other nucleus has the fe 
During the formation of a basidium from such a dil 
karyogamy take 
nucleus having t 
spores are forme 
having the factor c 
nucleus with the factor A a 
primary mycelia developing from th ] 
with the factor A is compatible with ei 


containing the factor a, or vice versa. : 
In tetrapolar heterothallic species, two allelomorphic sex 
are present in each nucleus of a primary mycelium, 
factors are located on separate chromosomes. Such sex 
be designated either as AB (in the nucleus of the cell oi o 
mycelium) or as ab (in the nucleus of the cell of pee 
primary mycelium). After dikaryotization E ; 
compatible primary mycelia, the secondary Ee. 
oduced, in each dikaryon cell o d 
other nucleus bears the factors 8D» 
leus in a young basidium 
independently àt I 


i ate 
eon], d Chis" obviously indicates that 
AB, Ab, aB, ab are produced | 


ey: arise whether a given pers 
o 

pes or four types E meiosi 

lace between 


N : 
polar species y 
n 
opni Ten f no crossing over takes p 
type loci and 
will be formed o 
Ab, aB, aB. == ^ 
mating-type locus, PIE satel 
— Ab, aB and ab. 
Par ading-type loci, then two or four types 
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types 
kenid i i tion of two or four ` 
| REM edunt, M E of chromosomes in the 
(or ril, jepini on the arrang PT 
phase € indivi terotha’ 
met tme | Studied that all individuals of eti ud 
p : exhibit iter bipolar a "ye snl peius that a primary 
hand i number o nat z 
myceli - nia i. Tenslogpare borne a howe SA Š "s 
arre 1 ile i.e, compatible wi all | d 
mycelia ralis consenserunt ona proim. sa arid 
basidiocarp (og this was first Eao ad Š E 
distan! placed iti such basidioca "i : 
Le i ond races.” But now it has ge 
` detras “e occur not only in nearby ` anu dien 
upon o 
we o map eng n rdia of multiple allelomorphs 
*races' may be explained due to the pres 
in the sex factors of the primary mycelia, 


place EE cr do. form . But dikaryotization of a 
Comi mata mycelium may also take 
the B. 


uller phenomenon somatogamy be 


as for example, the migration of AB 
dikaryotic AB+ab mycelium into a ab mycelium 
Originating as a result of legitimate 
basidia and basidiospores, 
arises in which either factor in the monokaryotic Mycelium j 
ikaryotising nucleus, it is called illegitimate 
tion —the dikaryotic mycelium produc, 
mate combination is 


as for example, th 
* ab ` 


* Dikaryotic 
combination 


e Yid ‘ ia and basidio. 
© migration o nucleus from a di 
+ab mycelium into a AB mycelin reto 
` ASIDIOCARPS—Di 


Sidiomycet, SE fruiting bodies or 
lomycetes? are 1 r3 
. Correspond t Called hg 


Cartila ñ Pic ; h 

( ' and may bi hin w 16; they 
E ru eshy, Spongy, Corky, vo dr?» Crust like, gelati- 
NES 7 i 


Woody etc. Basidiocarps of 
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most Basidiomycet idi : 
basidiocarp, s des d on basidia with basidiospores. T 
a » spores are liberated i 
basidiocarp. Generally the ees by the disintegrati 
tissue from which basidia arise es are composed o 
fertile tissue having basidia in definit pem 
or hymenial layer produced by ev mh 
tissue zone of basidiocarps is known as d mee m 
by tertiary mycelium. The basidiocar is ond Me a 
called Perlis The peridium may be one Mie M. 
en there is more than one, the ter 7 i 
outer and endoperidium to the inn o A 
portions together with tramal plated eds ta 
of Gasteromycetes are described as gleba. The basidioc 
open from the very beginning of its development, [ 
hymenium i.e. basidiocarp without being covered by peri¢ 
type is called gymnocarpous. Again the basidiocarp T y 
Š ovt thie one endocarpous, or it may be closed in 
id open at a later stage i.e. till the time of the maturity 
this type is called angiocarpous. Sometimes sterile sti 
associated with basidia in hymenial layer which are 
physes or immature. basidia by some botanists. Such ste 
are not often distinguishable. In some species, sterile | 
among the basidia are very much larger than basidia 
distinguishable—those structures are called cystidia. 


F. Tue BASIDIA— Basidia (singular : basidium) are 
types, but normally they are simple and club-shaped str 
development of a basidium takes place at th i 
binucleate hypha (dikaryon) which is separated from 
the hypha by a septum over which a clamp connection 
The basidium initial gradually enlar 
two nuclei within the young basidium fuse (karyogam 
resultant diploid i.e. zygote nu i 
meiosis) giving rise to four haploid nuclei. : 
small pointed structures, known as sterigmata, push ov : 
of the basidium—their tips enlarge forming basidiospore ^ 
now four haploid nuclei pass through the narrow sterigmatal ] 
into the young basidiospores which then constitute 93 
proper às uninucleate haploid cells. T 
ntioned type of 


re more or less C 
In low 


. 4,1). e 

mentioned type ; he the 
m the above jy or longitudinally septate 
ork-like St 


basidium 
because holobasidia a ylindrical 
and are with er 

basidia deviate fro 
cylindrica and either 
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ih. 1955). The teleutospore then gives rise to a tubular outgrowth 
: — ndm uice S i or epibasidium (Smith, 1955). 
occurs within this basidium to form haploid nuclei and the 
becomes septate forming generally four uninucleate cells. 
Next each cell produces a lateral sterigma, which develops a basidio- 


spore at the apex (Fig. 4.4, D). 


It should be noted therefore that fusion of dikaryotic nuclei at 
the time of basidium formation may occur either in the basidium 
- self e.g. Agaricus, Polyporus, Lycoperdon etc. or in a cell viz. 
teleutospore that gives rise directly to a basidium e.g. Puccinia. 


T Basidiospores 
f EE. c 


Fig. 4.1—Different stages of the formation of a 


basidium and basidiospores, 


D 


` and haploid, structurally they may 


: Which 

Ometimes the basig; I Ormally de 

u of small conidia trove’ h velop 
eate eles 

fusion a iiospores havin 


tion ^ nucleus typically 8 two ofthe four 


hi 
give rise to daughter nuclei 


binucleate mycelia on 
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H. ORIGIN i.e. PHYLOGENETIC R. 

Although the ancestry of Basidiomycetes Aad oa th 
still most mycologists regard Basidiomycetes as a groupe 
that have evolved from the Ascomycetes. In their soe i š 
and reproductive methods, the Basidiomycetes resemble Asc 
more closely than any other group of fungi. Kniep (1915) su 

that basidiomycete hypha with clamp connections are hon 
with ascogenous hyphze and that there are homologies in ly 
lopment of asci and basidia.” In both groups, hyphal structu 
similar, the development of asci and basidia is also similar. 
plasmogamy i.e. fusion of protoplasts from two cells 
karyogamy (nuclear fusion) is delayed for some time and 
cell contains two nuclei. In both asci and basidia, the 
fuse immediately prior to the formation of asci 
According to most mycologists, a basidium is an 
development from an ascus ; during this development the n 
spores has been reduced from 8 to 4 and a char 
endogenous to an exogenous method of spore formation. 
place. There are two theories regarding the manner in ' 
change took place. According to Gaumann (1949, 1953) 


developed sporangiola (sporangia with but few spores, 
s apex and each of these 


or only a single spore) at it ach 
onae a single ascospore. In the beginning the 
sporangiolum and that of the ascospore were free but sub 
olved where the walls of both of them becoi 

a basidiospore. This 

Linder 


h each other to become ios 
ly on a_basidium. 


ieved that Asomycetes giving rise to 3 
cetes had ascus with tw d cell walls, the inner ° 


elastic and the ou 

or rupturing of the pore- 
e inner ascu 

oMi rise to phragmobasidiu 


This type gave rise 
the protruded portion 


exogenously produced spo 
I. Lire CYCLE TYPE 

haploid basi 

those of Ascomycetes. The asiat 

tion gives rise d ie. haplophasic SO. a 


condition W 
basidiospore 
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producing i f Basidiomy- 

ic body. The life cycle of Eo 
` > ` iz., haplophase (n), dikaryop as 
quedes Viploph P nc haplophase and ee 
pm ml but the diplophase is very short whic 
rA P followed by meiosis. 


ASEXUAL 
CYCLE . Yon h 
Y uOikaryotizatiop _ pi srvotic mycelium 
Somatic body (n) by (n5) 
; : Somatogamy or (dikaryophase) 
spermatization 
on germination 
Basidiospore (n) SEXUAL CYCLE | 
arg x Dikaryotic hyphal cell 
meiosis n 
imas / Spi (dikaryophase) 
basidium SN — — Reti 
(2a) karyogamy E Gin 
M (Diplophase) (dikaryophase) 


m J. CLASSIFICATION—The class Basidiomycetes is divided b 
a and Barnes i : y 
2 (a Hemibasidiomycete 
| is indefinite. It i 
type example is Ustilago. 

(b) Protobasidiomyeetes Num 


Ores produced b 
Ustilaginales— the 


ber of basidiospores is definite 
. Le. four, basidia septate. It includes three Orders such as .— 
° r Uredinales—type example Puccinia. 


Auriculariales—type example Auricularia. 


© Tremella. 


Stereum, 


Subclass 


i cetidae—Basidia ge 
i ptate or ioi 
Subclass 1 eontains £ Orders and one family of aime divided, his 
cannot in any of the existing ord D affinity which 
order Tremellales—Basidiocary us atts y 
x Order U, idi nally Well deye] 
ty a edinales—Basidiocarp i 
<i Vi 
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y p. 
famil Sporobolom cetaceae—Saprobic. 
yi S probic. Teleutospores lacking, 1 


Subclass Homobasidi i 
iomycetidae—Basidi 
subclass contains two series and 8 pe he = 


ies Exobasidiales—Basidiocarp lacking >. 
šeries Hymenomycetes—Basidio : menium è 
e car] 
remains open before the pat A pe Ht [o 
order Polyporales—Hymenium borne in various ways. 
É ” dE borne in lamellae (gills). 
Series  Gasteromycetes—Hymeni 
be oe pi n e nm present or E 
rder Hymenogastrales—Gleba fleshy to cartil limy not 
: maturity. Glebal chambers usually peres ro 
order Lycoperdales—Gleba powdery. Hymeni 
š e ; 
Spores small, mostly light poems m wo 


order Sclerodermatales—Gleba powdery. Hy lac 
Spores mostly dark Colotes ue i z 
order Phallales—Gleba slimy and fetid, exposed on a rec 
Nidulariales—Glebal chambers forming waxy p 
gleba separating as a unit trom the peridium. 


4.2 Comparison between the Ascomycetes and t e 


i 


order 
` 


mycetes : 
Basidiom; 


Ascomycetes 


1. This class is characterised by the 1. Basidiomycetes Is 
formation of asci and ascospores. by the formation of basidi 
diospores. f p 
2. Basidiospores 


idi 


2. Ascospores are produced endo- 
genously within the ascus. Ascospores genously on a b 
are formed by karyogamy and meiosis. are also formed 
meiosis. 
3. Most of the members of Asco- | |. 3. Most of the m 
mycetes produce fructifications i.e. diomycetes also prodt 
sporophores ; sporophores are known as | and which are 
4, Asexual rep 


ae l duction takes place 

4. Asexual reproductio i pre 
{in majority of the Ascomycetes’ by the diomycetes is rather 
formation of spores. N e 

5. Inthe Ascomycetes, the dikaryo- Ep. 
phase is dependent on haplophase. ree is MAU 

6. In the. Ascomycetes the dikar- , in š 
yotic condition is established by game- hs A either 
tangial copulation or contact, or Dy st Iroa 
spermatization or by eomatogamy: potat OF copul ti 

ining ascospores are 7. Basidia co, 


7. Asci conta f 
developed from either apical or inter- 
calary cells of the dikaryotic hyphae. : 

, Crozier or hook formation is 
the Characteristic feature of most of the 
Ascot dual degeneration of sexuality 
is noted among the members of the 

cetes. ; 
Ast, Somatic structure may be unicellu- 
Jar or well-developed septate mycelium. 
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mre and life history of some important members of 
€ ' 

TILAGO 

tus Ustilago belongs to the family Ustilaginaceae of the 


under the sub-class Hemibasidiomycetes of the 
cetes, 


Ustilago contains about 300 species. The species of 
fe commonly known as ‘smuts’ or ‘smut Jungi’ because 
the host plant black, dusty spore-masses which resemble 
t diseases of the host plants caused by smut fungi 
is “smut” diseases. Most of the species of Ustilago i.e., 
-mormally parasitic on flowering plants specially of the 
peraceae and Gramineae, but they are not obligate 
opoulos, 1962) as they can be grown on artificial 


Of Ustilago are found to occur all over the world wher- 
hosts grow. U. maydis (corn smut), U. avenae (loose 
3) are common smut fungi which are found almost every- 


cally, smuts are very important; they are responsi 
2 > siole 

E. n worth [onus of rupees by causing serious 

eG ‘smut diseases’. Smut Spores, which oft 

machine in the form of d eee 


ust, m 1 

hereby machines and grain by fic ay explode violently 
° several species of Ustilago of which Only; 

With their respective ho t y Important 

are given as follows — “74 the name of diseases 


Diseases Caused Infection types 


Fo ieee a 
Loose smut of | gig c >> —— 

wheat) Blossom infecti 

Hordeum vulgare wheat x 


i aaor of ~Do= 
š arley 
rena sativa (Oat) | Loose smut of Seedling infecti 
Zea mays (Maize)! s on nies 
| Smut of Maize. Shoot infect; 
Hordeum vulgare ou Sk isi 
p 
t ree of Seedling infection 
Smut of Sugarcane 


Blossom infection 


672 STUDIES IN BOTANY 


by the ovary wall and 

: 4 glumes to fi 

re oos in the grain by a Be i * in this Gaul - 
erated out only by rupturi Ç ina aa 

the time of threshing, y rupturing the va 

Infection types—Smuts fall into 1 

: thre ‘re 
manner of infecting the hosts ; these are as follows A b 

(a) Seedling infection —Here infection takes place om 
the young seedling stage either by the basidiospores (i ^ 
by infection threads produced by the epibasidium of the 
spores See to the soil, or from basidiospores or spi 
present in the soil e.g., loose smut of oat (U. id 
smut of barley (U. hordei). (U cr 

(b) Blossom infection—Infection takes place at flo 
Here chlamydospores from nearby already smutted head 
by the wind, germinate on the stigmas and produce ti 
pores or infection threads infecting the ovaries and stigma 
smuts of wheat and barley (U. nuda). 

(c) Shoot infection or General infection —In this 
is not localised but may take place by basidiospores 
cells in any actively growing meristems of leaves, 
stalks etc. of the host, e.g. smut of maize (U. maydis). 


Structure and Life history of Ustilago—Add parag 


two, article 4.3 

Somatic Structure 
is the mycelium w 
The mycelium is 
although it sprea 
The component 


duration and 
originates as a 


mycelium, ¿ 
celium constitutes 


i ization 0 
result of dikaryotiza on o > 


i celium are binu 
fea the in rtant somatic phase 0t 


forms I 
Life history Ine takes pla 


roduc 
conidia, (F n the nature of 
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after entering the epidermis of the host grows 

ED Dicet it and forms a slender, hyaline, septate primary 
The cells of primary mycelium are uninucleate, primary 

mycelium is of relatively short duration and never develops profuse y. 
uninucleate primary mycelium, very soon binucleate i.e. 
Secondary mycelium is produced through somatogamy or 
connections. At the time of dikaryotization by somatogamy, 
Í cells of the primary mycelium of opposite strains fuse, 
y takes place but not nuclear fusion. The resultant 
cell (binucleate) develops into dikaryotic i.e. secondary 


| This secondary mycelium having binucleate cells carries 
of parasitism. 


i 


i 


"m 


Ë 


ry mycelium is septate and binucleate—it spreads through- 

interior of the tissues of the host plant (U. maydis) or localised 

(U. nuda) ; normally they are intercellular (U. avenae, U. 

t in some species they are intracellular (U. maydis). The secon- 

lium develops intercellularly and send out haustoria into 
E Duting the development of myceli 


jum 


. Í form the 
spores or teleutospores within localised areas, €.g. within 
the ovaries as in loose smut (U. nuda, U. avenge etc.), within the 
Balls on the plant surface as in corn smut (U. maydis) etc, Chlamydo 
spore or teleutospore (i.e. smut spore) formation takes place from the 
cells of the secondary mycelium. The Secondary mycelium 
and forms dense masses at specific points in the host—as a 
of this accumulation, cells of the host tissue in the infected 

M undergo division and redivision Producing gall-like Swelli 
meantime dense masses of Secondary mycelium ecome fi Tn 
= n each septum or Segment i.e. each bin ope 


° gelatinised. The Protoplast of such» ene 
re itself a thick wall Piny) which eventual] 
protoplast into a round spore 


nown. as chla d 
, smut Spore or brand : mydospore 
Completely free from its nej ra tiis tele s 


NER n s ên sloped with a thine 
A ae etc.) epispore and RF lica ted 
tot nd She e ein aS er delicate and 
Miet ble to infect a y host pi e ie 
SR 8erminatio Producin ik li. to 
Ern ur £ haploid l ^ 
etc, of he host When th * E TA v 
$ e carried by d to dyes 
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host plants, or in the soil havin ic existence. | 
, > g saprophytic existence. 
chlamydospores remain associated With pi and g 
The chlamydospores may germinate immediately or 
of dormancy. Ç 


At the time of germination, the two nuclei of th 
chlamydospore undergo fusion (karyogamy) and beco; n 
diploid spore at maturity. Then the spore wall c 
short colourless hypha ora germ tube, known as 
promycelium comes out. The diploid nucleus then mi; 
promycelium and undergoes two successive divisions of v 
is meiosis— as a result four haploid nuclei are formed whit 
themselves more or less uniformly in a row in the p 
epibasidium. Next septa are laid down dividing ' 
into four uninucleate cells. Now the four- 
called basidium proper. From each cell a single 
sporidium is cut off externally at the side of each Ñ 
of each cell of the basidium divides mitotically 1 
which remains in the cell and the other moves into a b 


DECI 
pe KA 
ACIC BN 
t Tp 
N 
Dicacyon within the gall 
Grain enlarged to form gall 
Dicaryon ramifies within 


the host tissue and finally 
attacks the grain Process of + 


E diploidisation: ceres 
aF — < 


Dicaryon mycelium 


Fig. 4,2—Life cycle of Ustilago 
idi uninucleate, 
Each besitos is. un iately cut À 


FUNGI—BASIDIOMYCETES as 


are of one sexual strain (+) and the other two of opposite 
pores 
kr t developed. The basidial cells 
NM d M d filaments, each of which is 
in n thread. ! by ws 
T .e. conidia or secondary basidios- 
Bode Miis ads bring about: new infection of the host 
Only in the meristematic tissues. On the basis of the mode of 
— the species of Ustilago fall into three groups (refer infection 
72). 


Symptoms of the Disease caused by Ustilago sp. 

) Incase of loose smut of wheat (Triticum aestivum) caused by 
U muda (Jens) Rostr. [U. tritici (Pers.) Rostr.] symptoms do 
not until the wheat plants are 
in - Diseased ears come out of the 
boot-leaf a little earlier than healthy 
ones; flowers are replaced by black, 
powdery spore masses. At first these 
Spore masses remain covered by a deli- 
membrane which ruptures 
before the emergence of ear. Except 

Awns, entire spikelets are transi 
spores are blown off by wind or heavy 


central axis is left behind 

&s naked stalk. 
(b) In case of corn smut of maize 
Zea [7^ ed by Ustilago maydis 


Tegions ie. in 
the ears, stems or leaves, Those tumou 
are filled with lack pow, fe 


: Fig. 4.3—An infected ea; 
í f 
ss Smptons when re Zea mays (corn) forming walls, 
fet m red TOm the ]eaf „sheaths. 

into 


€ All the i 

Spikelet in 4 diseased ea req sus 
oy is T are attacked ang 
Ovary walt HE together rao ati are femly by Mek spore 
ovary the basal Patts of the glumes eee 

fmol of Smat 

Case of į, 

D. e i QU Seed borne infection 


t i 
Practice, seeds are soaked meat method is the FAM d lago nuda — 


Water at a temperature Bb UE e this 


9 30°C 


Persistent 
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for 4 to 5 hours—then seeds are qui 

t 2 quickly transferred to 
at 54°C for ten minutes whi i i 
tubes produced by the fungus. ch hel oe 

In the Punjab plains, where temperatures | 
energy treatment of infected seeds hal Boel pide 
Luthra, 1953)'. In this practice, seeds are placed in 
bottom tubs filled with water. The tubs containing G š 
are left under sun for about 5 hours. Then water is throw 
the soaked seeds are spread over in the sun to dry and at t 
time to kill the germinating dormant mycelium. r 

In case of externally seed borne infection types (Us 
U. avenae), fungicidal dusts e.g. ceresan, agrosan, formali 
dusts give excellent control. 

Copper sulphate treatment is another method 
soaked in 50% solution of copper sulphate for 2 h 
spores remaining outside the seeds may be killed. Use © 
or resistant varieties of crops is the best method of cont 
smuts. Crop rotation and other cultural practic 
employed as a measure of control. 


sed 
enerally. compos 

these hyph haustoria into 
times the hyphae are 

3), TE. ium 

the secondary mycelium, . . z 

aa he opa are indefinite in number— they are pec , 

and are not violently discharged, but cut off like = i Pes 

another. Typical infection of the host plant s ax ee š 

opposite strains (+and —) come in contact with ns host iom, are | 

(5) Clamp connections, formed from dikaryotic y ! 


Ë t Sex organs and basidiocarps are absent. 


^ INIA ; : 
ES the family Pucci 


inia belongs to i 
The ein) ee dn P ib-class Protobasidiom: 


ccinia wit u 
TE si ants including ™ 


rasitic on flowering P pat 
Barley. oats etc. and cause great 


er genera under 
- known as 


duce rust-like spores 
8, leaf-sheaths, leaves et 
Oran K. S. 1957. Further studies on 
Panjal Khas Photoak 2 [naut * 

, 1953. So tmen! 

uthra, T C 14956. , 


pro c. of the hos 


on stem 
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diseases caused by them are as follows :— 
Name of Puccinia Name of host plants | Name of diseases 
m. 


671 


of Indian wheat rusts and the name of the 


Characteristic 
Jeatures 


4. Puccini Wheat (Triticum Black rust or stem 
3 minis del pe te and Bar- rust of wheat 
berry (Berberis 
vulgaris) 


2. Puccinia Wheat (Triticum Brown or orange 
dita aestivum) and | rust of wheat 
(=P. triticina)! Thalictrum flavum | 


| 
3. Puccinia strii. | Wheat (Triticum | 


Yellow or stripe 
aestivum) —a] t 
(=P. ob mon rg Tust of wheat 


Attacks firstly the 
stems, next leaf 
sheaths, leaves and 
eats. Uredosori 
mature early, they 
are elongated, brown 
in colour, colaes- 
cing; these are ex- 
posed by the rupture 
Of host epidermis. 
Teleutosori like 
uredosori but black 
in colour, appear 
almost on all green 
parts. 


Leaves are mainly 
attacked, leaf 
sheaths are rarely 
attacked. Uredosori 
small, often longer 
than yellow rust ; 
orange colour when 
fresh but becom- 
ing brown, not 
colaescing, irregu- 
larly scattered, burst 
early rupturing the 
epidermis, Teleuto- 
sori often 
When present they 
are flattened and 

ack, 


the under Surface of 


Leaves are att 
ac. 
ked at first Severely ; 


rupt 


ure tik 
Teleutosori itle. 


gestae dull. ut 
Colou 
urst t n et 
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Life hist =: 
article ts iS of Puccinia graminis’—Refer 


Puccinia gramini. 
inis* 
wallknown ama i Wwe. called “black rust” i 
polymorphic* rust, The ingi. Tt is a o ! 
ve different stages :— story can be divided into t 
1. UREDINIAL k 
OR 
aty), vertically AEE n mer the late spi 
OR ihe stems and sleavast or » -brown pustules i.e. 
called uredos ; of wheat plant. Each pustule 
orus Or uredinium. Uredosori p , 
the host epidermis. At B osori are formed just 
numerous reddish or orange red spores 
uredospore, borne on a long stalk, i i 
Sval: or” db C , is unicellular, b 
is Bieten daté ria an structure with a fairly thick 
into outer spin; i 
endospore. Each to outer i e E 
of germ pores. When the spores bcc fü 71 
are freely exposed due to rupturing of the el j 
epidermis, underneath of which the sori are located 
aro easily detached and carried to other hosts iLe: new 
y wind where they germinate within a few hours by 
germ tubes in presence of moisture. One of the germ. 
faster over the host epidermis than the rest and on reachin; 
enters inside forming an elongated appresorium. 
branch also enters inside and swells up to form a subs 
This substomatal vesicle eventually gives rise to a m 
dikaryotic (n--n) i.e. secondary mycelium which sp 
between the cells and often sends out haustoria. 
complete and the secondary mycelium (n+n) continues 
within the host. Within 10 days, the mycelium absorbs sufi 
from the host to form a new crop of uredospores— is urece 
EET. i J 
Ret. number of biological races or subspecies which differ mam 
ability to attack various members of Gramineae constitute i 
graminis (refer page 573). To distinguish between ese races, a 
binomial P. graminis has been used. Hence the biologic race Le, 
attacks wheat plant is given the trinomial name € Puccinia 8 
(Pers.) Erikss 
» When a species 
tantly related hosts 
P. graminis requires W. 
(Barberridaceae) as the alternate (s 
* Le. long-cycled life cycle—in this case, at least one 
dition to teleutospore (bint 
t basidiospores 


binucleate spores in ad 
cle. In Puccinia graminis, excep! 


complete life-cy' 
which are uninucleate, all other spore-forms 
aeciospores) are binucleate. 
+ When more then one type of spore. i 
lete life cycle e.g. five ty in Puccinia 
(c) basidiospores, 


(b) teleutospores or teliospores, 
and (e) acciospores or aecidiospores- 
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"^ become mature and ready for dissemination by wind in another 
days time. If the weather remains cloudy, it is possible to 
produce successive crops of uredospores in a single season—it is for 
this reason, uredospores are often designated as repeating spores. 
Consequently the disease from one or a few infected plants may 
spread over a large area. 

of Uredospores— While the dikaryotic mycelium is developing in- 


side the stem, leaf etc. of the host, some of its hyphae begin to collect in the fi 
of compact masses of cells at certain points beneath the epidermis. From Ea 


oY 


ate 
i nia 


Sterigma. 


D 
Basal cell 
Fig. 4.4— Puccini, 
a graminis. ; 
Wredospores. B— d dv Section through uredosor, 
spores. C Young andy reread showing tel showing 
m leuto- 
P,» " D—Germinating teleutos p os Ores. to 
the summer seen LACE RUST STAGE— Toward 
cing ured » the same rds 
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stage. The change from uredospore pr 
production by the same mycelium s supposed MEO 
photosynthetic activity of' the host plant. Each te 
stalked, dark-brown to black in colour, binucleate, 
spindle-shaped and thick-walled Structure; the apex c 
cellis rounded or sometimes pointed. Each cell ofa 
contains two nuclei i.e. dikaryotic (n--n) in young com 
fuse together into a single diploid nucleus (2n) as the 
Each cell has a germ pore—in the upper cell itis api 
lower cell it is lateral. 


. The teleutospores are dormant spores and unable to | 
immediately. Therefore the teleutospores are resting spo 
the fungus over to the following season. Unlike uredo 
do not have any specific host to stick on. They remain 
dead host tissues or on the soil, then they germinate 
their survival in the plains of India is very difficult since t 
ture during March to June is considerably high. 

Development—Development of teleutospores takes place in the san 
like that of uredospores except that the upper cell cut off from the p 
cell divides further into a row of 3 cells. The upper two cells of the ro 
enlarged to form the main body of the 2-celled teleutospore 
forms the stalk. A 

3. BAsIDIAL STAGB—Under favourable conditions of 
and moisture, each cell of the teleutospore germinates 
sending forth an erect tubular outgrowth from each 
tubular outgrowth is known as epibasidium or os 
fused diploid nucleus moves to the epi and oe be 
reduction division to form four haploid daughter ad 
transverse septa are formed separating the nuclei pec Ji 
into four cells (uninucleate)—this is the parue puis 
lateral outgrowth, known as sterigma, is develop diode 
the basidium. Each sterigma cuts off at its tip 4 


i idi id). At mat 
minute and uninucleate basidiospore (ane "me 


basidiospores are forcibly dul by eae iS i 


are carried away (B A 
is heterothallic, the four basidiospores that are P A 


basidium are of 


hen they comei 


basidiospores are 1 
the barberry. 


m T ly w 
asidiospores can germinate on 
fie nese Le. secondary host, e.g. 


V T b 3 Fe 
A OR SPERMOGONIAL sraGe- Typi. n 
; hen basidiospores of two. por e 

and (-) are carried away byi "m hx 
basidiospore (4- or -) on falling ap 

a barberry plant, germinates by P 
directly penetrates the e 
divided into uninucleate ce bei 
branched uninucleate primary ^ 
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the Intercellular spaces of the host tissue, and obtains nourishment 
from the host cells through haustoria. The nuclei of this monokaryo- 
tie mycelium carry either (+) or (—) factor which the parent 
happens to carry. Within a few days after infection, 

isolated dense hyphal mats begin to appear both beneath the upper 
lower epiderms of the leaf. Later on the hyphal mats near the 
ermis represent the primordia of spermogonia and that 
mear the lower epidermis represent the primordia of aecidia (also 
called protoaecidia or aecidial initial. Within a few days (7 to 10) the 
ooi i, e. primordia of spermogonia matures into clusters 


spermogonia or pycnia (singular: spermogonium or pycnium 
respectively). 


B 


Fig. 4.5—A— 
T. s. of a barberry eat (a portion) sh 
aecidi e of a longitudinal Sec tion 


showin; i 
tion ore Pycnium and 


B—D 
C—T. 
)hyphae. Nec Tal spermatization o SPermogo- 
Bach eor P yeniospores, P Perish Ë xuous Receptive 
Which Spermogonium ; YS Spt—Spermatiophou” 
"asi Ch Opens to the upper sn iim is a Asa 
Ostiole, The osti S , pper surface of the art or flask-shapeq bod 
x ing ion li eme lecta above t meo pore called 
“Within theleat, Bach the leaf, the 


E € Le. ostiole 
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appears as a minute speck in surface view. The transverse 
a genium shows that each pore i.e. ostiole is guarded by 
of sterile hyphae called periphyses. The cavity of each pyen 
inwardly with numerous, very delicate, elongated unin 
called spermatiophores or pycnophores, each of which 
tip a succession of small pycniospores or spermatia. 
of branched or simple hyphae, known as flexuous hyp 
hyphae are also seen amidst periphyses but pro 
beyond them. The spermatia or pycniospores are e) 
the ostiole and collect in mass on a droplet of liquid (i 
from the ostioles. This nectar also covers the 
flexuous hyphae. The pycnia containing pycnios 
hyphae, periphyses etc. are all therefore haploid 
depending upon the nature of basidiospores from wh 


ye» Dicaryon-s;. ; 
pore k 


E 


Wie, hin 


spore 
aecium 


Acc 


xv 
G 


i Sri Dilip € 
f P. graminis (Courtesy ) 
Fig. 4.6—Life cycle o ees nae 
f insects. 
] mass an 


strain with the tip of a flexuous 
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Therefore spermatization is effected if (+) pycniospores are 
transferred to (-) flexuous hyphae or (-) pycniospores to (+) 
flexuous hyphac. At the time of spermatization, spermatia fuse on 
coming in contact with the flexuous hyphae of opposite strains. The 
common wall at the point of contact dissolves and the spermatial 
Ducleus on entering the flexuous hypha migrates from cell to cell 
through septal pores. It has been observed that there is develop- 
ment of aecidium and aecidiospores only when there is transfer of 
spermatia of one spermogonium to the flexuous i.e. receptive hyphae 
of another spermogonium near its ostiole. 

8. Apctat (AECIDIAL) OR CLUSTER-CUP STAGE— While the pycnia 


ay oe ia are being formed towards the upper epidermis of 
the 


te i.e. dikaryotic condition (dik Apt 
is then followed by the formation "i peta an: 


Em Each binucleate basal cell cuts offa c 


At 
wind. CIOs om the sas 

Within pores have more or less pol dium and are carri 

are unice aa cidium, but onlib form while Tried by 


ar, bi i eration the 
thick wa la Baas deg s 


rimary 
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— because aeciospores are only capable of infectin 
n wheat plant, the aeciospores germinate putting forth 
which gain access to the host tissue through stomata 
ramify in the intercellular spaces of the tissues of leav 
producing dikaryotic mycelium (n--n). This dikary 
within 1 to 2 weeks again produces uredospores in 
this way the cycle is continued. 

Thus the life cycle of P. graminis is a completed one, con: Š 
stages. Teleutospore constitute the perfect stage in the life c 
structure in which karyogamy and meiosis take place. In i 
is long-cycled i.e. macrocyclic type and consists of five distinct stag 
a regular sequence, these are as follows :— 

Stage O —Pycnia (spermogonia) bearing: pycniospores (i.e. sp 
flexuous i.e. receptive hyphae : p 

Stage I—Aecia bearing aeciospores 

Stage II—Uredia bearing uredospores 

Stage III—Telia bearing teleutospores 

Stage IV—Basidia bearing basidiospores ` 

All the spore-forms, with the exception of basidiospores, 
definite sori. 

Nuclear cycle—In Puccinia graminis, the dikaryotic conditi 
well represented and persists through greater part of the 
the monokaryotic condition (n), Dikaryotic condition is. 
spermatization between a spermatium and receptive hypha 
(-rFand—); asa result of this, the two nuclei of opposite 7 
strain and the other of—strain) become ultimately associ a 
the basal cells of aecial primordia or protoaecidia. The dik ua 
ultimately mature into aecidia compo: lls. 


sed of ple ae cells. 
binucleate i.e. dikaryotic aeciospores (n +n). dika! 
is (aecidial) stage upto the formation of young. 
ores are dikaryotic ie. each contain t' 


p 

nuc 

mono k 

in the subsequen gt ee 

spermatia (n), Mie 

spermatization) 
Of the 


ia 
of (+) 


P. graminis, ‘h 
followed by a dikaryo' 


Physiologic ie. 


page 573. E 
" Salient features of Puccinia a t 
i site on host plants. m 
O Obligat P ecions, macrocyclic and polymorphic ie 
à Mycelium is generally intercellular tains : 
i A . . n rate. 
(4) Cans connections, by dikana motes ae 
(5) Teleutospores are forme 3x uu dia 


Biological spe 


(7) Teleutospore 


meiosis takes place. 


i king. | Ç 
9 BasidiocarPs a ng-cycled i.e. macrocyclic type 
stages. 
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Symptoms of the disease— 


—Uredia are first to appear prominently on 

RO nat baths and leaves. The lesions are oblong, reddish- 

brown and often merge into one another—at maturity they burst 

the uredospores. In late season telia appear mainly on 

the leaf-sheaths and stems—the lesions are oblong to linear, dark 
brown to black in colour. 


(2) On barberry plant—On the upper surface, small flask-shaped 
receptacles (pycnia) appear—they are subepidermal and visible as 
yellowish specks, later yellowish cup-shaped receptacles enclosed by: 
S peridium known as aecia, arise on the lower epidermis. 


Control of the disease— 


(1) Excessive use of nitrogenous manures which influence the 
growth of rust fungi should be avoided. 


(2) Proper drainage in the wheat field should be maintained 
the dampness of the soil and atmosphere promotes the growth of fuse 


(3) The most effective and 
of resistant varieties of wheat such as N.P. 710 


Annual Recurrence of Puccinia graminis— ini, 
Otcious rust i graminis— Puccinia 


Š : A š is a heter- 
= ane two distinct and distantly Telated hosts 


is annual recurrence of this t : viz., wheat 
great problem. it was thought hi zst In the plains of Indi 
host i.e. < th i ndia» 
» barberry plant would hi in ma aa eradication 
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x 
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K. C. Mehta (1940) has 
Survive " š Proved that ured 
tbey D one? though teleutospores ara seat osPores cannot 
Gays successively in barber oy high summ T spores b 
mde pain berry plants are temperate temperature lasting for few 
Where the disease E Plains. According to Mehta, hill aturally the. 
are responsible for the ili 245 in the plains. s show the source fray 
rally Or Iniection of wheat plants in th Own that uredo om 
summer temperature je conse Survive during summer * is 'edospores gene" 
stage on self grown wheat een! and as such the Meet in the hilly Ore Bene- 
d lani Ck rust s Where q 
TO is sown in hills it is then mcs Congenial grasses, Whew ves in uredi 
these infected crops in that n Y those over-summe ular wh 
predospores fo as ot dy aes the disease is first ae Ë Spores, Fret 
the wheat Plants, the disease growing near the foot hills > Wind-bo m 
first Sease gradually spr Fro The 
late ne oe Of attack in February an Mae, tothe plains han these tarii: 
fused by the rust can therein to Mehta the evenit ence, rust appear’ thereby 
is stopped, fore be checked if the KY of the disea e arsin p 
^ Cultivation or he, and d laing 
in the ha 
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€. POLYPORUS 


Species of the genus Polyporus are commonly knoy 
fungi’; they belong to the family Polyporaceae of th 
Hymenomycetales under the sub-class Autobasidion f 
class Basidiomycetes. , 


The genus Polyporus contanis about 250 spe 
which are wood inhabiting. The species of Polypoi 
and decay of many trees, timbers and lumbers. This 
both saprophytic and parasitic species. Polyporus o 
common saprophytic species of Bengal growing duri 
on logs and trunks or stumps of various trees. V 
tree trunks and stumps, it behaves as destructive pui 
their decay due to white rot disease. Other species 
growing on birch woods, P. sulphureus growing on 
trees causing wood rot disease, P. abietinus gto 
causing decay of the wood etc. "i 


Ya Vegetative body—Vegetative body is the mycelium 
‘inter- and intracellular and consists of very fine, 
‘septate, hyaline hyphae having clamp connections 
are two types of mycelium such as monokaryon 
mycelium) consisting of uninucleate hyphal cells 1 


ind dikaryon type 
.,monokaryotic phase an nd 
ee of binucleate hyphal cells rep 


fungus is bipolar, basidiospores are OF 
“ 
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idi res on germination produce my- 

-A re x ieas towers ns ener sexes Bre when 

T mee lia of IN opposite sexes come close to each other at t : 

oh only the nuclei of one pass into the other ang 

lenlbr cells of the latter are dikaryotised. From these ovens 

ultimately a dikaryon i.e. secondary mycelium develops and whic 

cd by the presence of dikaryotic hyphal cells and clamp 

s. From this dikaryon or secondary mycelium | fruiting 

bo ie. basidiocarps of the fungus develop in course of time after 
"the accumulation of certain amount of reserve food. 


Structure of the Fruiting body i.e. Sporophore or Basidiocarp— 
This part of mk i.e. nor DRore is only visible to us. Mature 
1 may be bracket-shaped, shelf-like or knob-like. These 
P Don may be sessile or stipitate. .The sessile sporophores 
—mre without stem or stalk, and their point of attachment to the 


substratum is lateral and hence they look like a bracket, shelf or 
knob. In some species, the sporophore lies flat on the substratum for 
some distance and then the margin becomes reflexed forming a 
horizontal pileus surface, this type of sporophore is called effused 


off 
. "ved Stipitate sporophore is provided with a stalk called stem or 
N 


ormally the sporophore is corky or feshy in texture ; when 
dry the Sporophore becomes hard; when the Sporophore becomes 
moist, it becomes leathery in texture. 

Regions of the Sporophore—The following are the main Iegions of 
the ore excluding the stalk (stem) if present : 


(a) Pileus surface—It is the upper 


Surface of the 
it may be smooth or hairy or may be incr 


Sporophore, 


(c) Pore tubes or t 


ube layers—It consists of verti ll 
forming a contiguous layer just b tent. Placed lon 
prs are also called pore tubes. eee te context, Those long 


Pore tubes pen to the exterior b 
&re circular or Semicircular in Cross KA SIR. Pore TM 

(d) Pore Surface—]It is the s 

urface in whi 

"lasa may be smooth or rough and it fone Bore uM M 
of the mature sporophore, ve Ower surface 

MG Hymenium— This region li 

ium ipn egion lines the ; 
tubes. The —e eacludes Pasidia and zu opem to p^ 
š ioht < Paraphyses, cystig; nd also 

8row at right angles to the length of pasie eto. All these 
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Basidia and Basidiospores— 


Basidia are more or less larger than raphy 
slightly into the cavity ie. Put mouth, Halo T: 
aseptate and each is provided with four short sterigmata fr 
basidiospores are separated. Basidiospores are sm: l1 
oblong or oval in shape, hyaline. The young basidium n 
haploid nuclei. Nuclear fusion i.e. karyogamy takes 
the basidium which is followed by meiosis—as a resul 
daughter nuclei are formed. One nucleus travels into ba 
through each sterigma. At maturity basidiospores are di 
water droplet mechanism through the pores. It has been 
basidiospores of a basidium are of two opposite strains 
After the basidiospores are discharged they g 
forth the germ tubes and give rise to primary myce 
Strains or sexes. 


Life Cycle of Polyporus sp. 


T 
By | 
dikaryotization 


Pores with basidia 


Monokaryotic hypha Monokaryotic hypha 
TO) (2 


germination i 7 
asidiospores (z)«-Basidium withe-Pore lining layer 2 
( + and — ) basidiospores (7) E. 


i i ium which is composed 
o began body is the nest is both tem d 
ps ie ithi therefore no 

ithin the substratum, r wa 
my Frakiog body i.e. sporophore is generally visib 


; corky or fl 
stipitate or effused-reflexed ; Cor LEE le 


oroid. e 
Hymen cross section. Basidiospores 
or more or less oblong, hyaline. ein b 
d anii vise: are i ene P. beti 

— Poly f 
P. F-n a cubensis ; P. abietinus etc. 


p. AGARICUS (Syn. PSALLIOTA*) udi 
1 i he fa 

Agaricus belongs to t à P 
sy... *  rpenomycetales under the sub class 


— Psalliota has 
solliota stands as 


The generic pom synonyme for. 
hence the need 1953; Singer, 19 


61; Webster, 
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: class i 1 fleshy fungi 
idiomycetes. Species of Agaricus are 

25 En in rich soils of grassy oe pelle a 

-Totten n woods etc., and als 

tole ME nt eeodiand and grassland litter, composts, etc. 


i i estris 
d ious species of the genus Agaricus, Agaricus camp. t 
i (oninia is the best known and common porn 
dem campestris is a typical field mushroom and not an edible 


1 Sue d T asitis often recognised. A. bisporus is the cultivated 
"white mushroom, it is recognised as edible mushroom. 
v Vegetative body—The plant body consists of two parts viz: 


į celium which remains hidden within the substratum 
, (5) B Paxidiocarp ie. sporophore which comes out of the 
as a visible structure. 


— (a) Vegetative mycelium—1t starts as primary mycelium from 
- the germination of an uninucleate basidiospore, Primary mycelium 

‘is composed of filamentous, loosely tangled felt of colourless, short 
celled, septate hyphae which ramify in the substratum just beneath 
Surface. Each septum of the cell is perforate 


d by a minute pore 
facilitates intercellular communication. Hyphal fusions 
is) often occur when one branch meets another. After 


tion of the basidiospore the primary mycelium and all the 
pem constituted therefrom upto the subhymenial stage are 
multinucleate cells containing granular, vacuolate 
oil drops as reserve food. The mycelium of A, 


is perennial and single mycelium may bear 
(basid 


iocarps) year after year. Sometimes it produces much 
compacted ma f j 


d protoplasm with 


[ form a large invisible colon 
the T Son Of sporu ation, sporophores are 1 


formed at the 
hyphae and thus fo i i 
known as f i Im a circular rin 


& On the ground 

. Agaricus campestris is homothallic but edible 
, illic, mushrooms e.g, 4. 
bisporus is theterothallic, According to Webster (1970), both an 
Eun 9$ mushrooms e.g. A. campestris and A. bisporus are 
» em s that sense that a mycelium deri 


ble of fruiting, 3 P ! 
the basidium followes eee Species there is nuclear fusion 


cture of Basidiocar, idi i 
a P—Basidiocarp, Le. spo 
S known as "mushroom." There or 
tion of hyphae, 
formation’ of young ace 


to an old iti 
the Path of dancing faie ion, the mushrooms 
4—(vol. 1) 


AKO growing in i 
nee Such a ring is called a fairy ting. Circle 
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reported that subhymenial cz i 
migrate from the Byles Gay M ao ;only two nudei 
basidium. In A. campestris no cl ° Aymenium i.e. to the 
at the base of the basidium. Basidiccares EE hag bee recoded 
tiny knots of hyphal cells formed at different —A« 
mycelial strands. When the substratum is et pui of aaa 
are favourable, these knots of hyphal ci Ils i ae I0 
through the surf. | abe EE 
g surface of the substratum and make the -— 
the form ofsmall rounded bodies called buttons. p^. the corres 
ponding erage is known as the button stage. These buttons enlarge 
io ea w ; each one of them ultimately develops into a matum 
. The mature basidiocarp i.e. sporophore i 
is a stalk-like structure and compa of Are 
wide inflated cells and narrow thread-like cells; 5-8 cm. long; 
cylindrical and tapering at the base, white in colour; there iW 
ring or annulus towards the upper part of the stipe. The 
within the stipe is densely packed towards the periphery forming añ 
apparently parenchymatous cortex, in the centre the hy are 
loosely arranged to form the medulla and ; (b) pileus—it is si 
at the apex ofthe stipe. Pileus is usually the expanded 
which is originally convex at its dorsal part but becomes flat with 
maturity. Mature pileus is 5.0 to 12.5 cm. in diameter. The 
surface (dorsal) is thin, dry, smooth and white or cream in 
this part is also known as flesh. The ventral portion i.e. 
surface of the pileus is composed of many thin, radiating, 
(when young) or purplish-brown (when mature) lamellae ot gis. 
In A. campestris the gills are of aecqui-hymeniferous* qur 
hymenial) type. Gills = woda sarii in longi 
iferous refers to the condi 
Dy ver the surface of the 


The term aequi- : Y 
hvmenium develops in an equa manner à 
i à is not localised at any particular ares 
on the gill. ü 
The structure of an aequi-hymeniferous gill of A. campestris 
a) A central tissue region composed of longitudinal y 
hyphae called the trama. Hyphae consist of elongate 
arranged multinucleate cell I a 
(b) Sub-h ymenium, this region lies on both the a pee running 
sed of short, more closely packed a of 
obliquely towar s e ega p Hyphae 
i nu . t 
multinucleate or 51 We e ies, ouside s 
i and consists o ems Brise 
W stitotng the sub-hymenium and trama. In this zone, HF 
" ome otl f Agaricales e.g. COP 
: [n some other genera of Ag Medis ped in sectio " 


gill i.e. basidial development 
longitudinal section shows the following : 
compactly 
s coming down from the pileus. 
i mpo 
uc ig: Se ds the outer surface. 
sub 
= ening tk: f the terminal cells o j 
rinus the gill is inae d. 
ferous type» in this type gills are not we É 
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- bave changed their original direction to such an extent that they 
ow stand at right angles to the surface of the hymenium of gill. 
contains palisade-like club-shaped cells rich in proto- 

some of the cells of this region develop into stoute basidia 
and the others into sterile and more slender structures called paras 


ghyses (singular : paraphysis). 


Each basidium acts like a spore mother cell. The young 
basidium is binucleate i.e. contains two nuclei. These two nuclei of 
the basidium fuse to form a diploid nucleus ; this nuclear fusion ie. 

is soon followed by a meiotic division so that 4 haploid 
nar red, From the apex of each basidium four 
ions, known as sterigmata, are produced ; the tip of 

seach sterigraa swellsup. At the sametime, one nucleus veka to 


B 
Fig. 4.8—Agaricus campestris, A—Fruiting bod: 


a gill in section showing Qe a on E—Portion 


nucleus enter 
S ea idi $ 
hence Dasidiospores a tiosPore but in 4. bispor. campestris only o 
the in A. campestris rus two nuclei ae 
; y are binucleate. are uni enter— 


as food re > more or 1 ^ a 
Serve. Each basidiospore "has ecey Shaped and 
Projection 
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or hilum at the end where it joins the steri : th 
are discharged, a small donies of pi at the 
each spore ; when these droplets of liquid attain full in 

are shot off from the sterigmata with violence. After. 
the basidia collapse. It has been observed that neithe: 
mature at a time nor all the basidiospores are dis 
Their discharge take place one afterthe other. 1 
falling on the ground germinate. At the time of 
several (1-3 generally) spherical or irregularly: nap 
are produced from any region of a spore. Th 
give rise to much branched new septate primary 
which again new basidiocarps are formed by an 
mycelium. " 


Each basidiospore is therefore a potential starting 
vegetative primary i.e. monokaryotic mycelium. 
produced in large quantity, Buller (1909) has calcu 
detached cap of A. campestris produced 1.8 x 10° spores 
at an average rate of 40 million per hour—hence it is obvi 
basidiospores are the important spore-forms in the Agari 
a few members of which produce asexual spores. 


Economic Importance— Most of the members of Agaric 
edible. A. bisporus is the cultivated white mushroom w 
specially cultivated for food in different states of India, Eur 
N. America. A. campestris is the field-mushroom, it! 
as this species is recognised widely as field-mushroom so 
sense is edible. The food value of Agaricus bisporus is 
that of cabbage. Based on the cultivation of edible n 
Agaricus bisporus, a great number of industries has been 


in the western world. 


Common Indian specie 
A. latipes; A exaltatus ; A. 


s :—Agaricus campestris ; A. bisporus ; 
pratensis etc. z 


— Mature basidiocarp—Pileus with gills>Hymenium i 
Young basidium (n+n) 


Mature basidium w 


basidiosporss (n) 
Young gon 
b 
Hypha with “button stage" NUR Nr hyphae forming — 


multinucleate mycelium — 
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-Salient features of Agaricus :— 

Agaricus is a saprophytic fungus. 
1 5 Vegetative body i.e. mycelium is composed of profusely branched straws 
a byphae, hyphal cell are multinucleate. Hyphae often form rope-like 
ù called rhizomorph. 
—— (D) Agaricus campestris is homothallic. 

Basidiocarp or fruiting body consists of two parts viz., (a) stalk-like 
eig annis foede upper part and (b) an umbrella-like structure at 
top of called pileus. Pileus bears on the undersurface pink or purplish- 

thin, plate-like structures called gills or /amellae. Mature 
are | or 2-nucleate, more or less kidney-shaped. 4 or 2 in number 
H ors in mass. Basidiospores are discharged violently by water-droplet 


E. LYCOPERDON 


Lycoperdon belongs to the family Lycoperdaceae of the order 
x Gasteromycetales under the sub-class Autobasidiomycetes of the 
. dass Basidiomycetes. 


Species of Lycoperdon are commonly known as “puff balls” 
are found to occur in every part of the world. Lycoperdon 
grow saprophytically either singly or in clusters on decaying 

; qne matters in soil but more commonly on grassy lands of forests 
under B rod in the wood. Most of the Species of 

edible at young stage. Basidiocarps i.e. 
of fruiting bodies are more or less pear-shaped with thick stent 


; the size B É L 
Sem o 455 d the sporophore is greatly variable i.e. varies from 


Os : 
° small hyphal knots 


very early stage o a dborophores 


š n when you » developm 
ly. In early stage, the young peret becoming external ot 


ani 
p an inne 
Sporophore increases 
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in size, numerous all i 

small irregular cavities li 

intenyoyen pha appear side the aaa ee 

M mie Typha ultimately young basidia t aa 

En sidium is binucleate at first, the te 8 
gamy takes place. As a result, each per ! 


Pore 
/ Peridium 


Fig. 4.9— Lycoperdon Sp. A —Mature fruiting body ( i 
B—Longitudinal section of a fruiting body. C—Glebal 
in section showing the basidia and basidiospores. D— 
germinating basidiospore. ` 

diploid nucleus. The diploid nucleus divides meiotically 
rise to four haploid nuclei. In the meantime, four s 
usually developed on each basidium and each of the fo 
bears one basidiospore. basidia are short, S 
ovoid in structure. he basidiospores are bi 4 

]l ; mature basidiospores fall o 


and are co 
spores together 
the sporophore a 
dium withers away an me : 
idium remains intact. Endoperidium forms on 
at the top. The membranous endoperidium acts 


D 


he outer peridi layer 
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ob such as large rain drops and even animals 
he cd ged spores ps puffed out through the pores. 
rmination give rise to new mycelia. Mature basidio- 
ded with a distinct sterile base which, on elongation, 
ə into a cylindrical or capitate structure having 
shape the mature basidiocarp may be globose or pear- 


is mainly saprophyte. 
Ve body ie. mycelium is composed of much branched septate 
le of short uninucleate and binucleate cells. Rhizomorphs may be 
the secondary mycelium. 
fruiting body or basidiocarp has a distinct sterile base, may be 
iform in shape; the basidiocarp is differentiated into outer sterile 
the peridium and an inner fertile region called the gleba. Peridium 
ie. outer pseudoparenchymatous layer is the exoperidium and the 
: cope rl endoperidium. At maturity exoperi- 
pea and end form one or more pores at the top. 
v in number, borne on sterigmata. When any object strikes the 
operidium. Basidiospores are brown. 


are puffed out through one or more pores formed at 
ees of “pet 1— Lycoperdon elongatum; L. alveolatum; 


CHAPTER V Fungi Imperfecti (DEUTEROM 


5.1 General account of Fungi Imperfecti š 


A. Fungi imperfecti include those form: i in v 
Stage i.e. perfect stage is not known. pé | 
means the stage in the life cycle in which the ultimate 
tures such as zygospores, oospores, asci, basidia and t 
formed. Among the members of Fungi Imperfecti these 
are either absent or not known, and therefore their life cy 
imperfectly known—for this imperfectly i.e. incompletely k 
cycles they are also called Deuteromycetes. p 


y According to Alexopoulos (1962) the Fungi In 
“conidial stages of Ascomycetes, or more rarely, Ba 
whose sexual stages have not been discovered or no 
This is because the group Phycomycetes is so characteri 
their mycelial (aseptate) structure as well as in their mode 
reproduction that normally identity of genera and § 
determined from the asexual stages alone without bei 
sexual stages. Due to the presence of septate myceli 
stages like that of many well-known Ascomycetes and pe 
like that of Ascomycetes and Basidiomycetes, which 
discovered later in some members of Fungi Imperfecti, the: 
Fungi Imperfecti therefore includes members of er h 
like Ascomycetes and Basidiomycetes rather than Phycomyce 


B. HABIT AND VEGETATIVE STRUCTURES —Members o A 
‘0 


the exception of false yeasts (Cryp: 
thallus i.e. the vegetative body of the 
of well developed mycelium 
colourless (hyaline) or coloure 
ucleate usually. The septa are pe 
of cytoplasm and nuclear migra 


occur. i ; 
oduction is strictly asexual. 


€. REPRODUCTION—Reproducti I 
place mainly by means of conidia of Mes. 
generally borne on conidiophores ; conidiopho 
loosely and indiscriminately by the somatic 


in different types of as 
Libres conidia on more or less cottony hy, h 


tes by many mycologists ; 8 $ 
PA E ES Sometimes conidiophores 1 


e inflated at the tips, others are in 
like structures on which conidia are pr 


others, conidiophores are much branched 


7 
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in a sympodium or in various other ways. 

p of Gonidiophores aggregate closely to tora à 

structure a synnema. The upper part of the synnema is o r 

branched, the conidia arise at the tips of such branches. In phe 
of imperfect fungi, conidia arise in globose or flask-shape 

[ona known as pycnidia. In a pycnidium the conidiophores are 

ther absent or are very short. The pycnidial wall is pd ay 

chymatous, they may be completely closed or may have an ostiole. 

Ta all the cases the conidia arises from the internal cells of the 

E. Wall. Sometime short conidiophores arise side by side 

a more or less stromatic mass of hyphae forming typically a flat 

sad open bed known as acervulus (plural: acervuli) e.g. . Colletotri- 

cham sp. Conidia are borne at the tips of such short conidiophores. 

long stiff pointed bristle-like dark-coloured structures are 

within acervuli, these are known as setae. "These acervuli 

may be subepidermal, subcortical or superficial, 


Sometimes an acervulus may form a cushion-shaped stroma 
Severed with conidiophores—such a structure is called sporodochium, 
t4. Fusarium sp. 


.. Conidia are normally formed asexual spores of Fungi Imperfecti. 
Conidia vary greatly in size, shape, colour, number of septations, 
wall thickness etc. Minute, generally one-celled with one or two 
pond oval or slightly elongated conidi i 


Are coiled ie. corkscrew-]j 
star-like hay; 


sides conidia, Other et Spores are also produced by the 


ungi Imperfecti ese spores are not born idi 
are called eon conidi- 
of thule, as =< thallospores. There are three major types 


by (D lestospores 


t hese are the Tounded or oval S 
; ~~ ; (2) Chlamydospores—thes ick-walley ere 


e are thick-walled, 
the metamor- 
—these are the 


Men. Up into Component cells which 
D. 


CA PARASEXUAL Cycrz i 
sos CLE—It is 3^ cle i ; 
EASY a and meiosis (haploidizatioy bat 


le 
Plas 
"n t LIT 
OF at specified points in the his EUM bnt not ara 
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The phenomenon of parasexual j 

1 on of cycle has be 

imperfect fungi which possess o sexual ap aaa 

Basidiomycetes and in Ascomycetes. Parasexuality was 

earn iene and Roper in 1952. According to 
s ollowing are th i 

cu g e sequence of events in a co 


_ (a) Formation of heterokaryotic mycelium—A iti 
different nuclei are associated in the. same Wes - 
and an individual exhibiting heterokaryosis is called hetero 
karyotic mycelium may be formed in various ways, but the con 
by the anastomosis of somatic hyphae of different genetic consti 
nucleus or nuclei (foreign) introduced into a mycelium multiplies 
nuclei spread through the mycelium rendering the my d 
homokaryotic mycelium may be converted into heterokaryotic by m 
one or more nuclei—this has been observed by Wilson & 
in Ascomycetes. Another method of formation of heteroki 
by the fusion of some of the nuclei and their subsequent 
spread among the haploid nuclei—as a result haploid and 
rendering the mycelium heterokaryotic. 


(b) Karyogamy i.e. fusion between two nuclei (like and 
plication of diploid nuclei—Nuclear fusion of haploid nuclei of diff 
as well as between nuclei of the same genetic constitution takes place - 
karyotic mycelium—as a re 
homozygous diploid nuclei 1 
mycelium at this stage may contai ° Í, 
haploid, two types of homozygous diploid and heterozygous diploid 
these nuclei multiply at about the same rate, but the number of di 
han the haploid nuclei. 


(c) Mitotic crossing-over —Mil 
during the multiplication of the dip. 


phase of the paras 
karyosis (a 
same protop. 
the parasexual cycle. Š 
Sorting out of Diploid Strains—In this stage 

uM place by their incorporation into conidia—th 
diploid mycelia. š 

nate and produce dip y E | 


sorting out of di 
ese diploid conii 


sectors idia— 
isolated. ond grown into haploid col s inda we 
undergo baploidization in the myce! m 
E. ECONOMIC IMPORTANCE OF Func! IMPERFECT 
of Fungi Imperfecti are economia md 
r the diseases of many plants T: í 
ba beings. Some are also useful in controllin 
borne plant diseases. HA : 
Several members are parasitic on hei 
diseases of stems, leaves and fruits. 
ly blight of potatoes, pers 
pee es cas Fusarium udum causes yi disea 
thosporium oryzae causes brown 1 p 
oryzae causes blast disease of rice, 


p. 
sor yi 
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i f 

em. rot lletotrichum falcatum causes red-rot disease o 
e ai Modes causes anthracnose of 

mango, Trichothecium roseum causes pink-rot of apples etc. 

| Most of the members of Fungi Imperfecti are dermatoph ytes—der- 
are fungi which cause diseases of the skin of man, 

memals or both; the diseases they cause are grouped under the 
i term dermatomycoses and disease are commonly called ring. 
olsa foot, etc. Epidermophyton flocossum is one of the 
i dermatophytes causing athlete’s : foot. Other human 
causing deep mycoses which affect tissues below the outer: 

are Blastomyces dermatitides, Histoplasma capsulatum, Geotri- 

etc. 


x Several members of Fungi Imperfecti are capable of biological 
strol of soil borne diseases caused by nematodes. In some 
€g., Arthrobotrys oligospora and Dactyllela cionopaga, the 
lorms sticky processes like loops or branches to which | 
Bematodes adhere. Lother hyphae then invade and digest the body of 
“Mech nematodes. The conidia of Harposporium are sticky, they 
Mbere to an celworm, germinate and invade the eleworm—then the 
mycelium kills and digests the animal. 
) a CLASSIFICATION— The classification of this form-class is mainly 


on the colour, shape, septation of conidia etc. The class Fungi 
il divided by 


most Mycologists into four form-orders: 
» 1962 ; Stevenson, 1967) as follows :— 


reproductive structures i.e. conidia known :— 
bearing conidiophores are super- 
ficial 9n a simple mycelial branch or 
united E ide Or strands or 
Ë cushion of matted hyphae... 
Conidia borne in Pycnidia es -. Sphaeropsidales 
Conidia borne in definite 
n sxecvali ds ex Melanconiales 
* Conidia and Spores 
of other types i.e. 
Teproductive Structures 
are unknown 


: see di Mycelia Sterili 
M paludes six form-families viz. a 


) Cryptococe 
E t aceae,. 
s E Ced Stilbellaceae, Tuberculariaceae and; 


Moniliales 


orm- ili. 
: š families, form. 
Xcluded rom Fungi I x ‘ 
bY Alexopoulos (1962). Mperfecti and treated under Heterobasidiomycetidac 
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5.2 HELMINTHOSPORIUM 


Helminthosporium belongs to the family Demati 
Moniliales under the class Fungi Imperfecti. 


Helminthosporium oryzae Brede de Haan, an il 
responsible for the brown spot diseases of rice (i 
widely distributed throughout South East Asia, 
pines and Southern States of U.S.A. In India, 
disease occurs in an epiphytotic form in States of W. 
Andhra Pradesh and parts of Kerala and Mysore. ` 


Vegetative body—It consists of much branch 
septate hyphae which are both intercellular and int 


Reproduction—Reproduction takes place by m 
developing singly on conidiophores. At the time o 
stout and erect conidiophores arise In tufts through t 
sometimes through the ruptured epidermis. Conidior 
coloured near the base and paler near the tip and 
except at the base. They are provided with knee-lik 
the tip where conidia develop. Conidia are brown 
septate i.e. multi-septate and cylindrical to obi 
Conidia from infected plants are carried by mean: l 
upon another rice plant where they germinate by putt : 
tubes from the two end cells under favourable con 


bring about new infection. 


i — inthosporium oryzae. 
se pe aan HE (upper one) 
D—Conidium on conidiophore. i 

i of rice 
Disease and its Symptoms--The ev dowd 
Helminthosporium oryzae Brede ae: 
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isease is very common and it occurs 
yn = m i seca in Moos where rice is grown 
and All parts of the rice plant excepting the Tools ii, 
⁄ opment are attacked by the fungus. Pamay ee 
place in cotyledon ; the tip of which becomes a 
m, then the infection soon spreads to the hypocotyl. i 
$ infecti on, first prominent symptom appears in both t e: 
i of foliage (leaf) as small pin-head like brown spots. They 
nlarge in size and become dark brown with yellowish tinge 
them. Then number of spots rapidly increases ; later 
ce and become irregular in shape. . Next the colour of 
iral region of the spots changes to greyish-yellow— the entire 
r on may become greyish-brown and perish finally. Stems are 
: they turn yellow first, then pale brown and finally dark. 
ons also appear on or near the lowest joints of the 
es are also infected near the joint of outer and inner 
lesions spread over the entire surface. Due to severe 
grain formation is hampered and ears become sterile. 
rol of the disease (1) To 
re to be treated with A 
ds before sowing. 


I Hot Water treatment o 


E f the seeds— Soaking in cold water for 
's followed b 
minutes at 5 


y treatment in hot water i.e. 5 minutes at 54^C 
C. 
To prevent the Secondary infection, direct control by pro- 
' ying or dusting has been fo 
mixture 


prevent the primary infection, dry 
rgason G. N. or other organomercurial' 


und effective ; three to 

Sprayings wit copper fungicide (cu-oxychlorides or Bordeaux. 
3:50) or 0. Organic compounds like Dithane 
8 with organo-mercuric dust containing 1% mercury 


een found to be useful. Spraying or dusting should be done 
between ng and emergence of the inflorescence. 


of diseased stubble, 
ful in reducing the 


clean 
inten- 


: (1) H. sati i 
y of o leaf-spot of wheat, and the see i Venu ere 
pe . 


2083 FUSARIUM 


ES to the family Tuberculariace 
the class Fungi Imperfecti, EP ec order 
is a common species found to 

c grow as 
On pea j i 
omg surviving e (Cajanas cajan). Fusari 
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-oftheliving host. Whenever this 

host plant, it enters and passes mr period oral sith 
fungus is responsible for the wilt disease of pigeon 
there by maximum damage to pigeon pea than any other 
In India wilt disease is destructive in some parts 
‘Uttar Pradesh, Madhya Pradesh and Bihar. 


Vegetative body—It consists of much branched, h 
made of septate intercellular and intracellular 
remain within the vascular tissues in the form 
resulting in the plugging of xylem vessels. 


Reproduction— Fusarium reproduces asexually by 
conidia and chlamydospores produced within the host tissue. 
are of two types e.g., macroconidia and microconidia, Ma 
are produced on short conidiophores on the surface of 
they are long, curved, septate and pointed at both thee 
conidia are small, elliptical or curved, unicellular or 
septas ; these are produced within the tissues on ¢ 
are held together in a drop of liquid secreted at th 
phore. Chlamydospores are spherical or oval, thick 
produced within the host tissue either singly or in a ch 
spores, after dispersal, germinate on host plants putting fo 

tubes. 


Chlamydospore À 


Wan 


Mycelium bearing microcopidia. : ; 


3 ies onidia. 
Fig. 5,2—Fusarium udum: Mye Pe N k 
eA ores Microconidia. (Adapted from Mundkur, 

Í um Butler is 

and its Symptoms— Fusarium udi t ymptoms 


Microconidia 


> 


FU 


Disease ) die dre 
ilt disease of pigeon pea (Cajana. rio dii 
Pu ae he plants are generally jet e 


ar when t I 
this dios 'the leaves of the diseased age boues 
and wither until entire plants dry up and Foe aoe 
tion of the tap root and of the pte a ee 8 
are blackened, either uniformly or t 
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r on the stem uptoa height of several feet from 
is rotting is dry and no exudates are given out. 


| wilting may be partial as only one side becomes 
lis case the stem is blackened on the withered side 


‘As the fungus is soil borne so it is very difficult to 
wilt of pigeon pea. 
lensity of the disease may be reduced if long crop rotations 
The crop should not be sown on the same soil for 
cession. The best method of control is to develop 
t varieties. 
species of Fusarium causing plant diseases are :—(1) Fusa- 


Tm |, cubense causing fusarium wilt or panama disease 
(2) F. oxysporum f. lini causing wilt disease of linseed 


CH. id 
APTER VI Myxomycetes (SLIME MOULDS) 


. Myxomycetes or slime moulds consti vi 
nims whose systemate position in dai aoe 
als is very doubtful because they exhibi ie c 
of both. They are animal-like in their Vos ead a 
structures and also in their physiology but they are 
in their reproductive structure producing spores co 
walls containing cellulose. German mycologist Anton 
considered slime moulds to be animals and called the 
(mykes = mushroom-+zoon=animal), therefore he treated s 
as a separate group. Following de Bary, later workers s 
Lister (1925), R. Hagelstein (1944), E. A. Bessey (1950) an 
used the name Mycetozoa and placed the slime moulds n 
Protozoa of the animal kingdom. The term Myxomyce 
slime--myketes=mushrooms, fungi) was used first by an Ar 
mycologist T. H. Macbride (1899). G. W. Martin (1932, 1960/ 
believed the fungal nature of the slime moulds. Accor to 
slime moulds have departed well from the main evolutio 
the fungi to constitute a sub-division of their own 
called Myxomycotina. 

Habit and Oceurrence—Slime moulds with about 64 
400 species are mostly saprophytic, a few members are 8559 
on alge, true fungi, flowering plants etc. They live in sh 
moist wood, on decaying logs, fallen dead leaves 
decaying fleshy fungi or other organic matters which con 
moisture. A few species occur in open spaces, c 


grass of lawns. 
Vegetative body—The vegetatia body of HE 
lime moulds is the plasmodium. Plasmo ium is a coe 
of highly granular protoplasm containing ripa 
vacuoles without cell wall but delimited only E e t 
membrane. Plasmodium does not have any dee x 
it is amoeboid and either globose, flat and sheet-li š: 
e area in the form of a very fine net-wo 
Like Amoeba, the plasmodium creeps over 


Š hanging and 
‘tratum by the help of everc 
ial protoplasm and on its path of movement i 
The protoplast of the plasmodiu 
layer of homogeneous ground substa : 
s p its bearing On 
* 1932. Systematic position of t e e ds and:i £ 
fication of the fungi. Bot. Gaz. 93 : 431 e m $ 
s 1960/61. The sy f the I 
119—129. Ç 


mis differentiated inte 
S of 
he slime mol. 
stematic position O 
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m as hyaloplasm and an inner granular ground substance 
ümerous nuclei and vacuoles—these two portions inter- 
ly. The interior mass of granular material i.e. fluid 
protoplast occurs generally in the form of an intricately 
: and which exhibits streaming movement through 
plasm ie. gelatinous portion of the plasmodium. The 
ism of the advancing margin exhibits amoeboid movement 
p of finger-like protrusions called pseudopodia and 
‘alternately projected and withdrawn in succession. 
species, colour of the plasmodium may be white, yellow 
times it is purple, green or violet. Each nucleus 
modium is surrounded by a membrane and contains a 
us. It has been found that the nuclei of the plasmo- 


Fig. 6.1—Plasmodium (ph i 
type) of a et cS 


exopoul 
s op ulos (1962) there are three general types of 


lasmodium—1t the most 


le minute Species eg., i pe prac. 


Fehinostelium minutum, Clasto- 
modium remains microscopic 

eta so and it 
ae rotoplasmodium 


ype resembles a 


ai dide Protoplasmodium 


ates, branches and 
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converts into a net-work of very fine transpare: t 
Ë nt s TE 
plasm is not granular, gelified and fluid sota a 
differentiated in the veins; the streaming is rapid ani 
reversible e.g.. Stemonitis fusca. 


(c) Phaneroplasmodium—At first this type also resen 
plasmodium, but very soon it grows larger and bec 
protoplasm is much granular. The gelified and fluid 
veins is clearly distinguishable, rhythmatic and reve 
movement is very conspicuous e.g., Physarum polycej 

Nutrition— Myxomycetes are chlorophyll-less, 
heterotrophic. Majority of species are saprophytes, | 
are parasites on algae, true fungi and flowering plants. ` 
feed on bacteria, spores of fungi, small particles of i 
living green plants and probably on protozoa. They often e 
consume the fruiting bodies of mushrooms and bracket d 
some protozoa, their mode of nutrition is holozoic*. $ 

Reproduction—It takes place vegetatively, asexually ai 

1. Vegetative reproduction takes place by the fi 
sclerotia, During unfavourable conditions like dry or co 
the plasmodium becomes converted into an irregular harde 


called the sclerotium. The sclerotium can remain dorm 

time. Under favourable conditions, 

into a plasmodium. 
£n 


a sclerotium again st 


p (C— 
i i rm cells (A & B) and Sj ores _ P) 
F ig. 6.2—Dilfferent types of S wit T 


tes. 
with two equal flagella. rg s ; 
.—Ridged spore an 
Dos (iapted from "Alexopoulos, me 5 po 
2. Asexual reproduction the exual 
e entire plasmodium comes 
be and gives rise one or more 


^» Refer page 3 (Introduction) 


707 
FUNGI—MYXOMYCETES 


definite wall of its 
i ch surrounded by a 

leate haploid spores, ea 

Les are found. 


ium ruptures irregularly and the spores whic 

by regendi à reri suere ar, gi 

i E t n s 

pone ry v E cm ica Of spores varies according io uu 

teed ^ a and age of the Spores. At the 
environ 


acks or a en 
i t 
pore may be formed on the s the protop as 


3. Sexual reproduction—Th 
behave as gametes and therefore 
The swarm cells or 


to azygote. Fusion betwee 


b te, formed in 
7 ultimately develops into a multinucleate 

amoeboid plasmodium. is Plasmodium represents the diploid 

Structure i.e. diplophase as all the nuclei f Plasmodium are dinji 

and which are formed by the mitotic divis 

zygote nucleus. 


Life Cycle—The Sequence of events 
mycetes is clearly understood an 


k istory of Myxo. 
d which is as follows: 3 mro 


d they fuse i airs form; 
mg m ne isig gametes, h lime 
flage te at trst and later eco. oid 
beginning. The growth of Z¥gote is moe oid from th 
of mitotic nuclear divisions r i 
multinucleate Plasmodium With diplo 
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plasmodium beco; 

Lans mes thick and gi 

me me ayo f During the formation eem e (ihi 
ploid nuclei divide meioriale Mr 


. Spore 


1 of 
ka fruiting g 
RS 3 Ë 
te} / 
ec 3 X 
A qe | jac [^ UR 
2. Older v 


F] 
A V: Plasmogamy y 
Le" plasmoditum 


Young 
plasmodium 


of a typical Myxomycete. (4d. 
Alexopoulos, 1962). : 


eus together with'a portion of cytoplasm | 
(Fig. 6.3). 


Fig. 6.3— Life cycle 


daughter nucl 
by a thick wall and develops into a spore 
Classification—G. W. Martin (1961) has divided the 
mycetes into two sub-classes as follows :— Np 
Sub-class I Ceratiomyxo dae  (Exosporee 
this rised by : 
their spores ification. - 
This sub-class includes 
Myxogast! 


Sub-class IT Myxogastro 
this sub-class are aracte sed by 
their spores inside ification. - 
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7 Echinos 
is sub-class includes 5 orders e.g., (1) Liceales, (2) 
enda, ) Trichiales, (4) Stemonitales and (5) Physarales. 


Fruetifieations of Myxomycetes—Generally three types of fructi- 
fications are formed among the Myxomycetes ; these are sporangium, 
aethallum and plasmodiocarp. 


(a) Sporangium type—The erect fructifications of definite form 
belong to this type and they are called Sporangia (singular: sporan- 
gium). Sporangia are generally stalked and crowded together or 
may be scattered on the portion of the substratum formerly occupied 
by the plasmodium. Each sporangium is surrounded by its own wall 
called peridium. There may be a common thin membranous base, 
called the hypothallus from which the sporangia arise. Sporangial type 
of fructification may be stalked or 
sessile. According to species the 
stalk may vary in length, texture and 
colour. stalk sometimes extends 
into the sporangium, Le the intra- 
*porangial portion of the stalk is 
called columella, Examples—species 
of Stemonitis, Arcyria, Comatricha, 
T ettirichia clavata, Physarum viride 


(b) Aethalium type—This t 
is sessile, more or less large, sae 
massive and gen 


` istype of fructificati 
$e. aethalium ype ructification 
fused 


Fig. 6.4—F; 
„in a peridium which may 4 mycetcs, A 


Structure.” 


P. B—Aethalium 


H type of Lyco, l 
ario cogala sp. C, D & Ro 
gala, Fuligo etc, NS Species of Lyco- Sporangium type of B, 


(Adapt and Arcyria (E), 
(c) Plasmodiocarp ra fragi Ale 


xopoulos, 1963) 
i . tYPe—This t i š 
Over the M fructification i, e, pe" is a sessile 


€ Sessil 

ment of a Phan an irregular outli TA pactificat On spreads 
contracts around some S Pi: the pr Oplasm of E th evelo 
itself, thus form nga fruiti 115 and secretes € plasmodium 
hig’ Of the plasmodial n8 Structure which membrane aron 

Some slime Oul emitri. 
um fructification D. a 7 Pe of fructific ion 

Ocarp e. ; erma te ae f sessi Is no 
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Economic Importance—Generally slim rel 
economic importance. They Feanen feed pieni 
spores and other micro-organisms. Occasionally slime m 
over ornamentals rendering them unsightly and in t 
them by stopping air supply for respiration. Physarum 
common Myxomycete often forms bluish and consp 
of several metres in diameter on grassy lawns. Some sli 
are parasites upon the cells of other fungi and a fer 
parasitize higher plants. Plasmodiophora brassicae att 
of cabbage and other members of Cruciferae, causing a ( 
as club-root. Spongospora subterranea is a para 
which causes the powdery-scab disease of potato tub 
also attacks tomato roots often. These diseases are oc 
responsible for considerable reductions in crop yield. Recet 
moulds have been utilised as ideal tools for experimen 
mitotic cycle, morphogenesis, the structure and 
protoplasm, the chemical changes governing reprodu 
cytologists, biochemists and biophysicists. i 


Phylogenetic relationships —The phylogenetic rel i 
Myxomycetes with other groups of organisms | 
known, hence it is difficult to make: a conclusive commen 
regarding this. One of the various views regarding ther 
of slime moulds and funguous groups holds that the 
are intermediate forms between the plant and animi 
since they possess the characteristics of both plants 
Supporters of this interpretation usually regard the 
being more closely related to Protozoa than to em 
living organisms. According to other myco ogists, tt 
are related to the Chytridiales—a primitive group of t 
(Eumycophyta or Eumycotina). 

2 ian genera of Slime moulds :— 
gion) 7 NA ; Diderma ; Didymium ; 
tricha ; Lamproderma ; Cribraria ; Lycogaa, 
Ceratiomy»a etc. 


:—Stemonitis (8. fusca, Š 
Trichemphara ; 


Hemitrichia ; 


⁄ OF EDUOATIOg > 
Fe aie hg 
eo / -epit of Fxtension A 
* 

Services, z 


MOSSES ) 
CHAPTER VH Lichens (REINDEER 


i ts. 
i i hallophytic plants 
i differentiated t eps 
LIS te mer t° anne i eal s 
Tm — RM dus to very close association eges en 
— wach i an alga and the other a ogos, u 
plants, one of egos live together i i idi component 
m sacas nsortium. itt 
nga d peti cim and the algal ita is uoa 
s oe Tbe ec of a hen dns (n SPI 
Ascomycetes ls i Basidiomy 
ie cm "vtt eaa M lichens xri ga 
7 Ene ai the fungus involved is Ascomyce 
Ascolichens— eap P 
©) - Spy d of the lichens is either unicellular 
— ny nn Of Protococcus 
Trebouxia 9) or filamentous me 


own as Ped 
homo - Collema, Epheba etc.; in Others, the alga 

- he ya Celo" d ni ayer below the ed 
m aO type is known as strati merous e.g., Parme ia, 
Usnea etc. 

Habit and Habitat—Lichens, 


inly, few occur 

Tegions, they 
DS are found 
condition from trees, 


Iga and fungus of Lichens— The gal 
cells and the fungal hyphae are in close physical associati ithi 
the lichen thallus but the exact Telationshi een the ungal 
haustoria and the algal cell walls and Protoplasts is Still to be 
According to different authors, the relationship be ; 

parasitic or Symbiotic, i 


ichens are mildly Parasitic y 
nd and from Which they Obtain f, 008 
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This parasitic nature of fungus is supported on the basis 
occurrence of haustorial branches or appresoria of fung 
penetrate the algal cell walls and protoplasts ( Fink, 1913 ; Fry 
Geitler, 1937 ). How the fungus draws its nourishment is a” 
of guessing. It has been suggested that the fungus seem - 
enzymes which increase the permeability of the plasma: 
the algal cells—as a result of which sugars and other su 


of the fungi. According to Smit 
is of the type known as helotism 
because the partnership is deci 


, 7.1—Ascol 
"s C—Fruticose. 
mero’ 
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i iti ivided into 
Growth forms of Lichens—Lichens are traditionally divide 
three sehicioal growth forms e.g., crustose, foliose and fruticose on 
the basis of the nature of the thallus. 


(a) Crustose—Here the thallus is poorly developed and grows 
1n a thin layer, often penetrates the substratum and forms incrusta- 
tions like a splash of paint on rocks, soils or tree barks. Internal 
tissue differentiation is either absent or present. Examples—Graphis, 
Lecidea, Lecanora, Haematomma etc. 


(b) Foliose—Here the thallus is flat, dorsiventral and leaf-like 
with irregular and lobbed margins; the thallus grows epiphytically 
on rocks or trees. Thallus is internally differentiated and some parts 
of the thallus adhere to the substratum by means of rhizoid-like 
structures called rhizines developing from the ventral surface. 
Examples— Physcia, Parmelia, Peltigera, Collema, Gyrophora etc. 


(c) Fruticose—Fruticose lichen thalli vary in shape; they are 
hair-like, shrubby ie. twig-like, finger-like or S Hupcahiped vith 
a wide range in size from 1 mm. high to 5 m. long—they are much 
branched, internally differentiated and either bushy, erect or pendent 
fall T Thalli "S attached to the substratum by a definite 

omposed 
es Memini A ensely packed hyphae. Examples— Usnea, 


Nature of Lichen thallus— 


l. External structures—The size of the lichen thallus varies 
Ur some are greyish gren sag Lichens also vary greatly 


, yellowish-green and white a are yellow, orange, brown, 
phology of the thallus, lichens are divided into th perma more 
growth forms ). © three groups ( refer 


= ones is distinct} 
or araplectenchymato 
the by Prosoplectenchyma is applied eure 
u i 
4 foment amily 10 to 15 u thick with Several 
cells, 5 upper is cit 
Ar ood = n d of the inea dt n: 
P yels 
o deposited only in quie acid Ki 
sa aste a arala preen ie r 
is s 1 n thi 
Wet cortex i ee he 
OF other organs for ee Pate) m os 


layers of 
r lackin 


714 STUDIES IN BOTANY 


. (b) Medulla—The bulk of a lichen thallus consis 
tissue which is composed of loosely and irregular]; 
hyphal threads. In thickness the medulla may be as 
thick. The medulla has a great water-holding capac 
food storage region. As some of the hyphae are rhizo| 
of crustose lichens attaches to the bark or rocks 
by the help of medulla. 


Fig. 7.2 A—Apothecia of 
lichen thallus. 

B—Portion of the section 
of apothecium. 


Yi 
` 


TON 
099. 
oS 


In a lichen thallus, Td Rer 
i These algae ds 
surrounded by fungal tissue. e algae appe 
cs thik called stratifi 


ngement, 

differentintio iral ied, ar homoiomerous arra 
idered as i 

s Structures —Lichens are char 
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a variety of vegetative structures. These are soredia, soralia, 
š 4 c lobules, cyphellae. and pseudocyphellae and 
cephalodia—all these are unique products of the composite thallus- 
and which are not produced by non-lichenized fungi and algae. 


(a) Soredia—These are separable, non-corticated clumps ofa 
few algal cells closely enveloped by hyphae. Soredia range in 
diameter from 25 to 100, but they 
increase in size when severa) soredia 
adhere together forming granular 
masses. Soredia originate in the 
medulla and algal layer following an 
over, h of the algae, they come 
out gh pores or cracks in the 
Cortex 


` 


(b) Soralia—Delimited masses 
of emerged soredia are called soralia, 
depending upon their position on 
the thallus, soralia are marginal or 
laminal, and also may be granular or 

according to their fineness, 
Soralia are common in foliose and 
cose lichens but comparatively 
fare in crustose lichen. 


ve organs ; 
€ crustose lic Bans, devel and fruti- 
Uce isidia 


(e) Lobules—These are 


along th Š adventiti 
isidis but Lon ar gins of lobes, Tok US outgrowths 


but lobu ñ » oft ioi 
Propagation." Loon entra] structures confessa tin 
Peltigera ete, O atë found in s, cant fos *d with 
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(f) Cyphellae and Pseudocyphella t 
circular pores confined to the buet cortex. tand a ; he 
genus Sticta. Pseudocyphellae are smaller, less dife 
irregular pores occuring on either upper ‘or lower co 
yee medullary hyphae protrude. Pseudocyphellae are fo 

oliose lichens e.g. Cetraria, Parmelia etc. It is believed 
rig of pores function in gaseous exchange and aeration 


(g) Cephalodia—These are dark-coloured, gall or 
growths of the thallus containing both a fungus and a fe 
different from the host phycobiont. Cephalodia may devel 
externally and internally on the lichen thallus. 
cephalodia contain the blue green alga Nostoc, they may 
fix atmospheric nitrogen and thus provide the host 
nitrogen. à 

Besides the above mentioned structures, other vegetative st 
such as rhizines (compact strands of colourless or blackene 
that originate from the lower cortex and anchor the th 
substratum), tomentum (felty, hirsute or cottony mat 
rhizoidal chains or loosely organised strands that origin: 
lower and upper surfaces of the thallus) and cilia (hair-lik 
appendages that originate along the lobe margins) are fo! 
in various types of lichen thallus. 

Reproduction—Lichens reproduce vegetatively, 
sexually. $ 

—It takes place (a) by 
y be due to death and 
dental breaking. 


parts generally con 


into new lichen By 
structures like soredia, isidia, lobules etc. 
like buds and each of whic 
thallus, develops into a new lichen thallus. 


various types 4 erhi 
duced within py i J 
Palos, These spores on bein dispersed 
conditions A cur 
f such hyphal bra 
ey suitable algal partner, grows 
producing ultimately a new 1 


—The k 
3. SEXUAL REPRODUCTION s 
reproduction in lichens 1$ not adequate 


oduction is 
^ xe low. In such a he thallus, 
re always produced by the fu 
tive structures, called spermogonia, are 
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i tains* 
open i ogonium con 
i stioles. Each sperm : DE 
conid lote er ar otal cells called La ail mes d sien 
+ E kissiqlar called ascogonia or carpogon : anaq 
atone ef the thallus. Each ascogonium is 
in the med 


nuclei tia y 
Le. e premi with the nuclei 


The asci remain intermingled 
with long and sterile hyphae called 


y on large stalks (e.g. Usne 
Ospores, Ascospores may be one-celled or 
hapes vary greatly, Ascospores on liberation 
germinate, producing hyphae ; these hyphae, when come in contact 
with suitab gae, give rise to new lichen thalli, 

In some lichen (Peltigera), the fruiting body is a Perithecium, 
The inner surface of the Perithecium js lined with asci at the base and 

paraphyses above, 


Previously lichens were not regarded as 
nd hence they Were dj 
the fungi (Vainio, 1890; Fink i 

mo 


stributed amon 
) Reinke (1896) from his detailed 
rphology stated for the first time that “lichens 
are a special class different from and Contrasting with fungi” On 
idea he Classified lichens as follows :— 
Class Lichenes ;— 


s sss : n apothecium) 
mophori (apothecia lirelliform 
(b) Series Lecideales (apothecia lecideine) j 
(c) Series Parmeliales (apothecia lecanoring) 
(d) Series anophili (Lichens with blue-green algae) 
3. Sub-class enocarpi (astocarp a i 
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Based on the conce inke hit 
| pt of Reinke’ ification, Zahl 
ius classified lichens in Engler ad Phu, BB 

-flanzenfamilien as follows :— ON 


A. Sub-class Ascolichene 
) s (Ascomycetes 
Series Pyrenocarpeae ERER 
m PERO HE (ascocarps open) 
ries Coniocarpineae (ascocarp a mazaedi 
Subseries Graphidineae Cn 
Subseries Cyclocarpineae (apothecia disciform) 


B. Sub-class Hymenolichenes (Basidiomycetes) 


Zahlbruckner's system was foll lat 
slight modification. oo MER kb 

Recently Hale (1967), on the basis of the genera 
checklist of British lichens (1965) and Hale and Cu 
American lichens (1960), has arranged phylogenetically 
and genera of lichens aa follows : a 


Class Ascomycetes (Fruiting bodies containing asci) 
Sub-class Ascomycetidae (Asci with one wall, regularly arranged 
nium with free unbranched paraphyses) 
order LECANORALES (Fruiting bodies apothecia) 
This order contains 23 families d 
order SPHAERIALES (Fruiting bodies perithecia) 
This order contains 3 families 
CALICIALES (Fruiting bodies mazaedia) 
This order contains 3 families. 
walls, regu 


Loculoascomycetidae (Asci with two} reg 
arranged in ap ascostroma (pseudothecium) with 


paraphyses) T 
MYRANGIALES (Pseudothecia poorly differentiated, E 
larly distributed) : I 
This order contains 2'families va died 
PLEOSPORALES (Pseudothecia well deli po 
thecia, asci more or less regularly arranged in thes 
This order contains 1 family i 

HYSTERIALES ( Pseudothecia well delimited, round 
apothecia, jirelliform or irregularly in outline) 

This order contains 3 families a: re 
Class Basidiomycetes (Fruiting bodies containing basidia, 


is class contains 3 families 
pe bodies unknown; thallus 


order 


Sub-class 


order 


order 


order 


be 


Class F 
mulose, poor 


Economic Import > 
d applications 4 


i ctic regions. 
Is in ar g ITO 
i il li Cladonia, 
fruticose soil e.g. r 
Iso take lichens as source 001 

z d io by man. Their food value 1$ 
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i k tripes (Umbilic- 
Japan, the foliose roc Paiste, ks 
ob pev se fried in deep fat. Cerraria plane m Pis 
Sedan Mon a acs eaciglled from Iceland, Laplan 
cem d for use as food by man. 


i by medical 
i i s were extensively used 
sion dote fleri was vd in the sinet of ug 
seases, lia sulcata was used as a remedy for Mur RATETA 
- lichen Peltigera canina was used as a cui vm 
the dog Pe Ë P. e.g. Usnea, Cetraria, islandica, BPE [d 
in Oe irr folk medicine now-a-days. Various ypes 
m ibioti i The yellow pigment usnic 
ichens posses tibiotic properties. y 
- ron ibiotic, i tracted largely from the 
4 d spectrum antibiotic, is ex tracted i 
"is > ie of Cladonia. Usnic acid strongly inhibits Mycobacterium 
ie nd commercial use as the active ingredient called ‘usno ; 
aly e effective in treating superficial wounds and externa 
ed "p icillin’. Various lichen substances are being used as 
antib Mx zy t diseases e.g., sodium usnate has been found 
ay «A mn canker, other lichen extracts Such as'usnic 
Pru Pe mre acid, psoromic acid etc, are useful in controlling 
mosaic virus. 
Lichens are also used as dyestuffs, Roccella, Parmelia, Evernia, 
Ochrolechia etc. are dye-yielding lichens. The basic dying Principle 
can be extracted as a paste ‘orchil’ which colours wool, fabrics etc. 
many shades of red, purple or brown. The raw ingredients of orchil 
paste are the basic depsides—these basi i 
monocyclic orcin and 


Split into 
š following amonification, the dyest 

The dye ‘litmus’, a acid-base i o 

Ta containing 
~~ dor tanning anima] hides in 
an countries. Lichen 


€ used a 


S essence in 
choslovakia 


and other 


) o dry and inflam 
ich carry Surface forest trees fire anto, 
Common Indian Lichens ;— 


B. Foliose lichens :— 
Gyrophora cylindrica et 
C. Fruticose 


S ;—Usneg š 
Ramalina himalayensis ; R. edic], ee dichotoma ; 


CHAPTER VIII Schizomycetes (THE BACT 


8.1 Characteristics of Bacteri: racterised | 
teria :—1. Bacteri 

p pr ba smallest and structurally the simplest of Al ENS n 
. Bacteria are unicellular—though tous, 

formation to separat ouga ede u. 

pe np sss e the filaments into separate cells (e 
3. Majority of bacteria Jack 

: , b: chlorophyll, 

2 their mode of nutrition. A few bacteria r AN 

thetic pigments viz., bacteriochlorophyll and others which can util 

energy in photosynthetic process. | 
4. Normally most of thi i 

BA Oo e bacteria reproduce by fission alth 
5. Absence of morphologically distinguishable nucleus in bacterial | 


8.2 General account of Bacteria : 


A. INTRODUCTION AND SYSTEMATIC POSITION—The 
or bacteria form the simplest type of living organisms - 
earth. Bacteria were first discovered by a Dutch lens i 
van Leeuwenhoek in 1676. Later on Louis Pasteur and Ro 
from their researches demonstrated that bacteria were 
for some of the important diseases of plants and animals. Š 
bacteria became objects of interest to many investigat: 
science of modern bacteriology was founded. 

The systematic position of bacteria was a matter of conti 
previously. When bacteria were discovered first, they were beli 
to be animals, because of the motile condition in some 
such they were referred to as ‘animalcules’. Later on s 
regarded bacteria as plants and naturally bacteria | 
with the fungi in the division Thallophyta. Now-a-d 
are regarded neither as plants nor as animals, 
or group. The German mycologist Anton de Bary (18 
the first to exclude the bacteria from fungi and since then the 2 


have been treated as a distinct class. 
B. OccuRRENCE—Bac 


d ad rgani 
soil, water, air and in all living and e o. 
i cold hi h temperature ani g 
resistant to extreme , g row, $ 


ither in the presence Or 1 no ter types 


n live € i | 
ates are called aerobic bacteria while t 
anaerobic bacteria. o 
obout 1650 known 


C. TYPES OF BACTERIA— There are 
bacteria, of these about 900 constitu 
remainder constitutes a group called 
bacteria are the simplest and the 4 
unicellular organisms ; spherical, ovoi 
being straight, curved or spiral; may 
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stion of true bacteria is by fission mainly. Most of the true 
wia cause human diseases. The higher bacteria are grouped 
five orders as follows :—(a)  Actinomycetales—fungus-like 
da, (b) Chlamydobacteriales—alga-like bacteria, (c) Myxo- 
les— slime bacteria, (d) Spirochaetales— Protozoa-like bacteria, 
of which move by flexuous movements and (e) Rickettsiales 
( minu bacteria of various forms, their relationships are still 
E ; mostly obligate parasites. 
— D. GENERAL MORPHOLOGY OF THE TRUE BACTERIA-—These bacteria 
Ar gerer m and structurally the simplest of all living organisms. 
Tru "Per ine Dey. Zn m: solitary. In some forms, 
oup in a mucilage layer. Bacterial cells var 
E^ shape and fundamentally are of the following four types :— 7 


t = T sad) i.e., Coccus type—In this type, unicellular bacterial 
ls or ellipsoidal and such cells are called cocci 
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(singular : coccus). Cocci 
ingul ° j occi may be of di 

pee bad pem galled single diplócood A ibe po 

of ooa ae ormed by Micrococcus sp. ; Miro h di 

aee many cells, they are called sarcinae. e. Mes 

Pe OR ndg Pai in three planes to ford poll 
° reptococcus sp. cells d int 

Staphylococcus Sp. they form grape-like clusters dB ML 

otreptococcus, Micrococcus, Sarcina, Staphylococeugala y 


(b) Rod-shaped i.e., Bacillus 
EC shaped ie., type—H re e 
per Was s. Bs ibaa rod-like P- pe re 
| r: bacillus). It includes i 4 
sorte 5240 (es, ete, Bacilliagaln mal 0 
-8. single, diplobacilli (when in pai 
(when in groups of cells). Meal. 


(c) Spiral-shaped i.e., Spirillum t i io 
; [ 1 .e. 'ype—In th (he 
spiny asss, i.e. long cork-serew-shaped, spiral coll 
spirilla (singular: spirillum). Importa tl 
Spirillum, Microspira etc. ; portant E 1 


. (d) Comma-like or Vibrio type—In this type rod-like c 
simply curved so that they look like comma. Important spe 
Vibrio coma. = 

Bacterial cells vary greatly in size according to species. 
of the most common bacteria ranges from 1, (1/100 mm.) 
length and 0.5, to lin diameter. An average bacterial: 
volume of one cubic micron. 

Flagélla—A few species of coccus types, many species 
types (only belonging to the genus Bacillus) and almost all 
spirillum types possess one or more whip-like organs of l 
known as flagella (singular: flagellum). Bacteria with 
(e.g., most species of coccus types) are called atrichous, 
one polar flagellum i e. flagellum arising at one end of the c 
called monotrichous, bacteria with a tuft of polar flagella 
lophotrichous and bacteria with a tuft of flagella at each pole 


both ends of the cell are called amphitrichous. If fla 
aut arising at various points all over the cell surface, 
bacteria are called peritrichous. Locomotion of eg 
mainly takes place due to lashing movements of tho je 
length of flagella may be equal or exceed the length a d 
which they emerge. Flagella are fine filaments of b orm 
about 20m (Ime - 00014). . Each flagellum pA E a 
3 protein molecules twisted tightly together. In elec 
flagella may be seen as rope-like structures c 
form, each arising from a cytoplasmic granule. Am 
has shown them to consist entirely of a protein 

Fimbriae—Fimbriae (singular : Pur nu hors 
some bacteria as as 


filaments about ha 
and much more numerous. 


These structures do not ap 


3 
FUNGI—SCHIZOMYCETES 72 


concerned i h the 

i these (fimbriae) may attac 
bacteria M. a senha + corpuscles, and may also 
assist pellicle formation on the surface of liquid cultures. 


composed rs. The bacterial cell wall is comparatively 
thick olere ami ; The wall is inert and does not Stain readily, 
it is of complex composition which differ in different Species. The 


e substance. composed 
awet and acetylmuramic acid molecules linked alter- 


uding proteins, polysa- 


tides, characteristic of the speci 


polysaccha es, OF sometimes pol 
tides (proteins) of high molecular : P 
together 


; - Ribosome 
mu in d , S are 
Wd (RNA) and protein. No Ciameter_ compose 


. ogen, lipid 

: little evi aare absent; j Á 
reactions, although sp little evidence of localisation op !^ bacteria] 
mem 


: n n 
es particles of b i metabolic 
ave shown Tespiratory activiti acterial cytoplas 
fous eral ER one or ns e n om ix 67). "Án 
the cyt nr ese Vacuoles c ] ike cav 
t are absent in ature cells, "iain a fluid Called ce} "- 
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Bacterial cells do not OSSESS a Wi 
distinguishable nucleus like the Mee iv 
But now-a-days, the presence of a nucleus or a nuc 
functional unit in bac 
been proved with the 
tron microscopy aj 
ing techniques. This 
is capable of repli 
tion and of transferr 
tary characteristics of 
to their daughter cells 
granules with DNA 
bility to divide at 4 
time as the cells h 
demonstrated in ba 
many workers. R 
has demonstrated 
in bacteria is spheric 


Flagellum 


Cytoplasmic E 
granules: 


Vacuole resting cells, elon 
Cytoplasmic bell-shaped in div 
membrane always lack a nu 


According to him 
chromatinic element, 
designated, is pre: 
either as paired chromos 
posed of 1 or 2 pairs) or 
form surrounded by 
granules. According 
(1967) a single ring 
Fig. 8.2—Structure of a typical mosome appears to bi 
bacterial geli form. This ring stains 
gen reagent which reacts specifically with deoxyri 
(DNA), the characterstic gene substance. 


ja, like all other 

F. BACTERIAL RESPIRATION— Bacteria, like rit 
ing this process they liberate energy whici T» 
Ds etn Depending upon the cond 
carried out, the b 


Nuclear 
structure 


Cell wall 


p» 


Slime layer 


ouped into aerobic, ; 
pe nre in presence of free atmospheric oxygen to ` 

iratory process through aei ises liber: A 
A agi eae Anaerobic bacteria ue id y 
atmospheric oxygen and carry on either 


i tation wi e 1 

h anaerobic phase or fermen pbi 

bri dioxide, organic compounds ian pr p^ ^ 

little amount of energy. Faculte psa te re 
and live either in absence or presence o D 


EAD eee 
pubo's The 
inow, C. F. 1945. In R. J. 
j edge (Mass.) 


Bacterial cell 
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Z Bees t 

the former condition they respire anaerobically, while in the latter 
$ a 
condition they SS bla aerobically. 


ia, like fungi, 
—Majority of the bacteria, 1 
EE circ a ee 
ir cells. For this, j i 
either — cos ule. The parasitic and arte chin Aneel 
i their mode of nutrition because they eae 
ine anufactured by other organisms. There chm a 
ra capable of synthesizing i sna a sa Hel 
foods from carbon dioxide and other inorganic s >s—thes 
bacteria are called Reeser bacteria. puouophie ber dira 
i rated roups such as c. emosyn 
and CZ aeris Pid oh bacteria e.g., areto 
Nitrosomonas etc. obtain the energy required for 
y 5 i ds from the oxidation of 
their synthesis of food i.e. organic compounds 1 t. 
some chemical substances; while photosynthetic bacteria e.g. 
4 Rhodopseudomonas, Chlorobium etc. obtain energy 
“for their synthesis of food from light. 
| Following are the common chemosynthetic bacteria :— 
(a) Sulphur bacteria—There inhabit sulphur 


hooped waters, soils, 
oxidise hydrogen sulphide (H,S) to free su phur a 

o anie acid. thereby obtain 

organic 


f 


nd then 
ing energy which they utilise in synthesizing 
from CO, and other inorganic substa: es, 


inc 
H; bacteria, which oxidise molecular hydrogen in soi 
wane wi iene energy 


» this energy is used for the Synthesis 
Iron bacteria -These bacteria live in iron-containing waters and oxidise 
mener thus securing energy for the synthesis of Organic compounds, 
[^i] Mitrifyieg bacteria Thee are of two types eg, those oxidising ammonia 
nitrites and those Oxidising nitrites to nitra . Both types occur abundantly 
energy from their Oxidative Activities, 


There are several types of photosynthetic bacteria, of Which t 
kaportant — 


Ë le y phur bacteria These bacteria Contain a Purplish pj 
I gment 
s = pora samo manner as chlorophyll In green Plants in 


Is to form 
of organic 


he following are 


bacteria —These 


t bacteri 
Teducing carbon di 


cteria utilise molecular hydro 
oxide in the Process and synthesizing 
Cteria oxidise hydrogen sulphi i 
carbon dioxide and Synthesizing organic copas in " 
"n Generally bacteria are not able to tolerate 
en die as soon ag Verse, ie 
Some rod-shaped ia, i. 
ble to tolerate Suc $ bacteria, ^ 


ha ISe ; 

res, disinf Ctants etc. ecce 
D 1a enter a re 

res Within m lls, either cer pasya 
Spore. 
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protoplasmic units w 
and remain dormant 
favourable conditions, 
one cell. Endospores are not typical reprodu 
spores of fungi, algae etc. as single endospore is 
bacterial cell and which always gives rise to 
favourable conditions. Therefore endospore - 
germination should not be regarded as a me T. 
but as a resting stage responsible for the survival 
unfavourable conditions. 
In some species of Azotobacter the entire 
resistant structure which is then called a cyst. 


I. Repropuction—Bacteria reproduce vigo 
method of reproduction is by fission, either binary 


division 


z Daughter | 
IE cls F 


Bacillus 
8 
Bik ‘Bacillus 

Spore Vu gi Om, `š 
s" Mum v. Ü. if 


Liberated 
endospore C) 


Cell K 


(sporangi um) Cy 
with endospore ` Š 


ees 


—piagrams sho 
Fig; 8. “F pore-forming 
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method bacterium simply divides into two ,halves—each 
of Sa 1 — ao apy anaspayah individual. The individual cell may 
divide repeteadly at times and multiply in number. The daughter 
cells, thus formed, may remain separated from each other or they 
may be held together forming chains or colonies of cells. In coccus 

division may occur either in one plane (diplococci or strepto- 


in any plane (staphylococci). Regarding the nature of the division 
of the nuclear body, there are controversial opinions—some believe 
that the nuclear body divides mitotically while others suggest that it 
divides simply into two parts by a constriction. 


A number of bacteria produces minute flagellate cells called 
'gonidia', which upon encountering a suitable environment grows into 
typical bacterial cells. Some bacteria of the filamentous type produce 


small bodies called conidia in chains usually at the tips of their 
- y p 


In some bacteria 
conditions, only a si 


Imation represents q 
€ cell under unfavoura- 


NE m ing sya ote DEA] sexual reproduction by the union 
not emonstrated in bs poc Hees 


n eg. transfo 
transformation by abs i r 

or f 
from a ds. “i ^ mg Strain oa RS 
< e ” 

"radios to consist bt DS 
à | a Sesia : m bacteria] Cells by particles 
carry it and implant it in other = Siehe Y pliage "i ` cm 
° 1 process r 


ermed tra SS resulting in 
for the : © shown th Ansduction, 
Synthesis of biotin and methin Eenetic materia] eim and 
` Tetum, E. and Lederbe; = mutant p could be 
coli, J. Bacteriol, 53 . à 194 


Tg, T nes 
:673—6g4; SRE recombination in the bacteri 
erium 
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transferred to deficient mutant ing i i 
properties of both a and 5. ME 


J. STAINING PROPERTIES OF BA : 
properties of dried and fixed bacterial cells a o RR 
in identification. The Gram staining procedure which w 
devised by the Danish bacteriologist Gram, is by far the 
and important one in bacteriology. Gram stain is a pa 
dye such as crystal violet and iodine. Bacteria when 
such dye i.e. crystal violet solution and subsequently 
solution forming a stain complex which is retained in the 
which the stain is not -removed by ordinary decolou 
like alcohol or acetone, the bacteria are called Gram-po. 
the bacteria when treated, in the same manner do 
Stain, they are called Gram-negative. Gram negative b 
be stained with a contrasting dye such as neutral red whi 
them red colouration in contrast to violet Gram-positiv 
Bacteria are described as acid-fast if they retain a stain ë 
the treatment with acid-alcohol. If the bacteria are noti 
they become decolourised by the acid-alcohol treatment 


K. BACTERIOPHAGE—It has been observed that baci 
in cultures often disintegrate spontaneously and with g 
Careful investigations have shown that this disintegration « 
is due to the development and activities of a type of vi 
as bacteriophage. Bacteriophages are therefore Viruses 
bacteria, they are also described as bacterial viruses or | 
eating agents. Bacteriophages are obligate parasites and 
dent on living bacteria for their existence, they are fou 


the same substrata where bacteria E. Bacterio phat hi 
i from animal feces and sewage. 12 
Metti d half DNA. Formation of 


consists of half protein an / 
4 virus particle becomes att: 


through a 


empty inert u 
i ll 
floats away. DNA within the ce fon of fresh prote 


two next combine 
bacteriologists rega a 

anisms mainly because of their a 
sem conte tem 19 be eps Pros 
ivi . Some bac é I E 
living the death of only certain strains or pes 
while others appear to be capable of attacking Se ir 

L. Lire CYCLE OF BACTERIA—The life ere ane A 
forming true bacteria is sha bsp ae a a 

i .3,A. In case O - : We 

en a pi endospore as a regular me fe ie T 
cycle can be illustrated as shown in Fig. 9: 


Each ivides—as a result of such 
i tures and divides—as oo eet 

d a c" p of cells is formed. Each sp E penu 

c poer ndogenously an endospore Sys 

— I P sp re wall. Each endospore gets pe iam He 

ron ei yh of the disintegration QU Den rst 

a iti h endospore ;rminai 

o cour ape ge and divides initiating a new 

ee Eq vegetative reproduction. 

genera 


CLAS: i t systems of 

CTERIA— There are different s 0 

Re geet cf then, the system adopted a cannes 

Sale Determinative qot i i EE dd 

's Manual, 

enn Tode is divided into 10 orders 

lass Schizomycetes is di into : 

in te Pin odio (1957) ct Bergey's Manual of Determinative Bacte 
riology as follows :— 


Order ells rigid, coccoid 
i a MO e Eo iHd, co chains of cells may 
occur "Cells not in trichomes, cells may contain photo- 
thetic purple or green pigments. Usually motile by means 

orpone flagella, rarely non-motile. 


Order pdobacteriales—Cells rigid ; cells in trichomes 

4 2o tpe in a sheath. Occassionally motile 
swarm spores or non-motile conidia are developed. Trichomes 
may be attached to a substrate. 


Order 3. H; homicrobiales—Cells rigid ; cells reproduce by a 
process of budding rather than fission. May be attached to 
a substrate by a stalk. Except one 

I 


genus (Rhodomicrobium) 

photosynthetic Pigments are absent. 

Order 4. Eubacteriales — Cells rigid, spherical Or straight rod- 
Shaped ; occur singly, no trichomes, though chain of cells ma: 
occur. Motile by means of peritrichous flagella 

' Order 5. Actinomycetale 


—Cells rigid an 
branching mycelium-like 
of aerial conidi 


Order 6. Car yo, Cells in trichomes, 
like Eubacteriales. 
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i attached together. 
; i daughter cells remain 
divides and the 
bacterial cell 
| » Straight or 
| 
i 
1 


Other characters 


lls are rigid usually, lar 
e > arge and ma 
as coccoid cells or trichomes Sulphur ranule 
T tr Š s 
T within the Cells, l: M 


J on-flagellate but 
gor rolling movements, 


3 lls formi 
dies in the f, r tg 


m of pseudo la i 
i °. Often pointed at both ds dium, 
Spirochaetales— Coll 


ends, 
s in the 
Swim freely by flexion T flonger or Shorter 


Slime-like 
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Order 10. M i 
s eoplasmatales—Highly ol ic orga 
k mo Q 
very delicate characters, nondnots p» terab 
Plant pathogenic forms Occur in ! 
a c | th i i 
There are four families under Pubacteriales vi ee E 
Fam : (a) Pseudomonadaceae. Genera : Pseudomonas, Xantho 
» (b) Rhizobiaceae, Genera : Rhizobium, Agrobacterium, 
» (c) Corynebacteriaceae, Genus: Corynebacterium. 
» (d) Euterobacteriaceae. Genus : Erwinia, 


Order Actinomycetales contains onl i 
à 1 le one patho; family viz. 
cetaceae ; under this tamily Strepfomycerii the Sapo M 4 


N. Economic IMPORTANCE OF BACTERIA— Economic 
are important, this have got negative i.e. harmful effect 
positive i.e. helpful effect. Some bacteria are patho 
serious diseases such as cholera, pneumonia, tuberi 
meningitis, typhoid fever, diptheria, streptococcus infe 
man ; bacteria cause diseases of domisticated animals 
cholera, anthrax of sheep, septicemia jn cattle, glande 
goats and sheep etc. Bacteria also cause many diseases of | 
plants. Of bacterial plant diseases, ring disease of pota 
of citrus trees; yellow rot of wheat ears ; fire blight of 
diseases of tomatoes, potatoes, cucumber ; cotton root roi 
of carrot, cabbage, cucumber ; leaf blight and leaf-streak of r 
are important. m" 

Bacteria ere responsible for the spoilage of large quam 
human food stuffs. During their growth in human food stu 
often excrete waste products which are toxic to human 
frequently cause severe, even fatal, food poisoning in pers 
such bacteria contaminated foods. 

Denitrifying bacteria which are abundant and ac 
ic conditions in wet soils and soils rich in orga 
diate compounds to free 
gas which escape into the air. Therefore fe bacteria 
fertility by depleting the nitrogen content of soils. 


as saprophy 
symbiotic root 
contribute to 


nodule bacteria e.g. 
increase the Ma of mon 
itrogen fixation method. some 
one “are Helpful in the manitas urr of food 
like cheese, curd (by lactic aci NU 


i tobacter aceti), j 
Mss Fer by anaerobic bacteria e.g. 
preven lic B, has been disco 
of perme 
Bacteria dwe š 
including human beings pro 


logical processes . 


ing in large numbers in 
ump z mote digest. 
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The retting of hemp and jute (by the help of butyric bacteria), the 
ng of tea and tobacco leaves and in tanning leather, bacteria of 


ferent forms are used. 


O. Tux ORIGIN AND RELATIONSHIPS OF BACTERIA— Almost nothing 
is known regarding the origin of bacteria on the surface of the earth 
and little is known regarding their relationships with other groups 
of living organisms. According to most biologists, “bacteria were 
7+ epit d id get fo ae the earth's surface and 

te a group of grea antiquity." Most biologists 
a a — m living organisms must have been plants because 
— = itakun power i Kore prune compounds from in- 
to maintain their life. Rocoedin to ma ees or ae adds 
bacteria probably a d 5 fi ice dal ag kas 
and other EM capable dto orsa yum pages A 
this idea, chemosynthetic bacteri pean According: to 
KU IS tes were probabi eria such as iron bacteria, sulphur 

y the first livin i 

Raw ines > e g organisms on the earth. 
ME of the M of such iron bacteria of antiquity the earth’s 
deposited. Hence the m Sh lial old age have been 
are ancient and primitive, idence indicates that the bacteria 

The simplicity in morphologi 
among bacteria, lesen Ses (C and reproductive structures 
indicate close relationship amon yono payta) and some true fungi 
regarded by some biologists as a i ome groups. Bacteria are 
both chlorophyllous Bisnis (ioa) and 8 =e on plants from which 
(aqp may have evolved. Others do not eR E lorophyllous plants 

» blue-green algae and true fungi n this idea but think 

regard bacteria as d <: Aue vous paralely 
e: T 3 S i š 

which have evolve ea i eid Dios dian 

oss of chlorophyll. The 


by bacteria Suggests that all the b 


organisms, except blue. 
te protista’, Iti 


F Ungt Other Plants 
Bacter WA 
la] lagellate pr otista-- Animals 


Blue. 
A lue-green algae 


Proto cell 
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SELECTED QUESTIONS ON FUNGI, LICHENS, BACTE 

1. What is a fungus? Describe i i 
fungi with Special reference to the Ae nyA ; 
Refer article 1,1 (A), (C), & (D) : 
fi Z: a Describe various kinds of Teproduction found in fungi r 


Refer article 1.1 (F), page 578. 


3. “There is Progressive deteriorati i 
oration of sexualit "ul - 
the above statement from types of fungi you have studied. “e m 


Or, Write an essay on the gradual degeneration of sex in fungi, 
Refer article 1.2 ua 


4. Write a brief account 
with reference to spores, 


Refer article 1.3 


of the various methods of the dissem 


_ $. Describe the characteristic features of the four major g 
giving examples in each case, 


Refer article 1.1 (H ), page 585 


6. Describe the life history of Phytophthora or a fungus cau: 
disease of potato. 


Refer article 2.2, C s 


7. Write an account of asexual method of reproduction in P 
à description of the disease caused by P. infestans and the control 
Refer article 2.2, C (asexual reproduction only) also disease and 
8. How will you diagonise the ‘late blight of potatoes’ ? 
will you consider to identify the causal organism ? Suggest met! 
of the disease. 
Refer article22, C 


9. Describe the life history of Pythium and give a brief accoun 
caused by P. debaryanum. 


Refer article 2.2., B 


10. Describe the structure, mode of life and methods of n 
Mucor. 


Refer article 2.2, D 


" s " ith 3 
. What is heterothallism ? Describe the phenomenon wi : 
M ES Compare the modes of sexual and asexual reprodution (uc 


Refer articles 2.3 and 2.2, D 


12. With sketches compare the structure and mode of 
Vaucheria, Mucor and Phytophthora. 


Mucor 
Vauchería ; 
algae. 1. Non green due to A 
lopti. ^3 s: een € of een absenci 
i totrophic, —hence e é 
> ar eere in lives as saprophytes. lives as par 


aquatic habitat. ; EX 
2. Vegetative body con- 2. Vegetative body 2 phe 
D “of branched coenocy- mycelium an d pats 
tie. fla ent. In each fila- of much branchi e PEE 
=m. p lasm is granular nocytic hyphae. Hyp VAR 
—B Md Cerat containing white or colonies a ig 
RB ng nuclei; vacuole hypha contains 8 
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line or coloured in mass ; 
each germinates directly 
producing hyphae. 
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Phytophthora 
Vaucheria Mhoec Ag perform 
large. central & running cytoplasm, pesi ihe f function of 
entire length of the nuclei, er idee absorbing organs. 
ET ME d mn as reserve 
ofal: . Some hyphae pene- 
í. oe like eS vd substratum 
structures are e as an 
pores as well as 
absorbing organs. ' n 
- 3. Same i.e. like 
ReProduces asexually 3. Reproduces asexu: 
i Asexual má nae e repro- 
oh mM. regem o. Ace duction takes place by 
RES on takis place by idia or sporangia 
EAE. and rangiospores formed con Me Cu 
‘ aospore cod Seq "Kind dt conillontintes 
duced within zoosporan- gi loped al e zi 
gium aecepornaginn de- oes spo- or sporangiophores. 
; š 
of a rangiophores. 
velops at the apex 
Spore formation li 
madi akinetes etc. 
3. Zoospores germinate Se UU eni am 5. Conidia are ovoid 
directly into new plants. ovate, thin-walled, hya: 


or lemon-shaped, hya- 
ine and with apical 
Papilla~germin ate 
either directly into hy- 


Phae or indirectly into 
biflagellate zoospores, 
Each zoospore later on 
Berminates utting forth 
a germ tube, 
Mostly homothallic 6. Heterothallic or 6. Homothallic, 
thallus bears both homothallic, 
female sex organs 
Same plant body. 
Sexual reproduction 7. Sexual reproduc. 7. Sexual re roduc- 
cotamous. a E is E e ar tion is of gametangio] 
Sexual reproducti copulation type w hich contact type ie, b th 
refer article 3.6,N (Algae consists in the fusion of formation of aniheridium 
y morphologically similar (male) and Ogonium 
ut Physiologically differ. (female) 
a Sasu Isogameteg Refer article T 
Ous). Sexual i 
efer article 22, Teproduction), 
(sexual Teproduction), 
13. Compare life-histories of Spirogyra and Mucor, 
articles 3.6, J ( Portion) and 2.2, D (Fungi Portion) 
A Compare ànd contrast the development an 
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Or, Describe differen ‘oduction 
r D nt method 
Mention the points by which this innt Esso and differs m ° 


€ en: 3.3, A and article 3.3, C 
. scribe the structure and š ` 
the economic importance of this Pat Pick yeast and write s 
Refer article 3.3, A S 
18. With sket i ; , 
ed nonis Assn describe the life history of Penicillium and n 
Refer article 3.3, C 
f 19. Give an account of a fi ici i 
principle and mention its eee gus of medicinal bap 
Refer article 3 3, C 
Give an account of the structure and modes of reproduction. z 
ention its distinguishing characters from the genus Mucor. 3 
Refer article 3.3, B and article 2.2, D 
21. Describe the structure and life history of Ascobolus. 
Refer article 3.3, E 
22. Compare the modes of development of asci and basidia in 
Psalliota respectively. Give neat sketches. TH 
Refer articles 3.3, E and 4.3, D 
23. Compare with suitable 
Psalliota. Comment on the nucl: 
formation in each case. 
Refer articles 3.3, E and 4.3, D 
24. Describe the life history of Peziza. 
Refer article 3.3, D 
25. Give an acco 
of rye”. 
Refer article 3.3, F 
26. Describe various kinds of reproduction met wit! 
Ascomycetes which you have studied. 
Refer articles 2.1 (B) and 3.1 (C) respectively. i 
27. What is smut? Mention the names of few Indian smuts 
to the names of hosts and diseases caused by such smuts. 
infections are generally found ? 
Refer article 4.3, A 


28. Describe the life history of Ustila, 
caused by Ustilago. How disease can be controlled ? 


Refer article 4 3,A pu m ind 
9, Describe the life cycle of Puccinia citin l pl 
aiio cats’ Does it cause damage to any crop ? Explain 
brought about. 
Refer article 4.3, B 
30. Describe the 
Mention the type of spore resp 
infection can be prevented. 
Refer article 4.3, B 3 
i ip existi he spore forms 
the relationship existing among t ) An 
of s e Name the different rusts that attack wheat me 
Refer article 4.3, B 


sketches the fruit bodies of 
ear changes accompanying the | 


unt of the life history of a fungus which 


hin the Phycom 


go with special reference 


istory of a heteroecious fun 
e aa orrible for spreading the i 
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i tt of spore-forms and spore- 
. — = eg e nos on which they occur. Draw 
5 and point out its nuclear phase of alternation. 


Refer article 4.3, B 


Write a short illust i which cause disease 
rative account on any two fungi w! 
P eos another fungus which is very useful to man. 


Refer articles 2.2, C and 4.3, B and article 3.3, C ` 


34 Describe in detail the life history of Agaricus. State the nature of 
bypdae. 


Refer article 4.3, D 


35, State the systematic position of Psalliota and give an account of its repro- 
ductive structures. 


Refer article 4.3, D 
3. Describe the life history of Polyporus. 
Refer article 4.3, C 


37. What do you mean by “Fungi Imperfecti” 
the group. 


Refer article 5.1 

38. Describe with sketches the structure and reproduction of Helmintho- 
aporium and Fusarium, Mention the diseases caused by them and the methods 
of control. 

Refer articles 5.2 and 5.3 respectively, 


39, nd - Structure and reproduction Of Lichens. Explain the 


? Give a general account of 


40. Give a general account of bacteria and their ec, 
Or, Write ageneral 


onomic importance, 
account on structure and form 
Refer Chapter 


of bacterial cell. 


geo 22, C; article 3.3, D and article 4.3, B Tespectively, 
Taking one Tepresentative from each of the th j i 
=a : n ree major groups of fun 
Pa pd " ne ard Teproduction, What Seneralization one may make 


ngi are Phycomycetes, Ascom idi 
Amar ot Ase, mvcetes and pra Session Phytophthora ar sayaq 
rile e ta graminis of Basidiomycetes have bel 
Refer articles 22,C 


> 3.3. B and 4.3, B fo, ^ 
in Phytophthora, Aspergillus and Puccinia reaper a0cotnt 9f sexual 


L Basidi I y es to As 

po ° type and both the Sex or; ora sexual re ied 
] J : ^ eproductio, 
! Rowing ere develops ultimately. 2 jj functional i, rhe 


A tion t 
: pe Of reproduction beet Sex or akes 
1: 


ga TÉ pre 
the i s ‘cod of them i.e antheri. 
- In cinia, o, af aeo 
2 he À Ogamous t: roa 
a. f sexual Teprodu. 


Ws exuous h Permatization 
tizatio 
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43. What are rust fungi i ife cycle 
causing disease in wheat. er Det A «m ` 
ya 


Refer article 4.3, B 


44. Name an important fungal disease e «i 
causative fungus. How the or, EE. E 


Refer article 5.2 
45. Write short notes on :— 
8) Two fungi whi v. 
Pent x Ilium- refer oes nae ae RE 
(b) Two fungi which cause destructive disease to impor 
Ferri diseases caused by Phytophthora refer article, 
(c) Basidiolichens—See chap. 7 
(d) Saccharomycetes— See article 3 3, A 
(e) Helminthosporium—See article 5.2 
(f) Becteria—Chap. 8 
(g) Fungi Imperfecti—Chap. 5 
(h) A basidiocarp—See article 4.1 (E) 
(i) Penicillium—See article 3.3, Cc P 
(j) Ascospores and Basidi ospores—See article 3.1 (E) and 4.1 (( 
(k) Heterothallic fungus—Sec article 2.2, D 
(D. Smut fi ungus—See article 4.3, A 
(m) Puccinia—See article 4.3, B 
(n) Sex organs of Phytophthora—See article 22C 
(o) Fructification of Psalliota—See article 4.3, D 
(p) Ascolichen—See chap. 7 
(q) Pathogenic bacteria—See chapter 8 
(r) Lichens—See chapter 7 
(s) Basidiospore—See article 4.1 (G) 
(t) Ascocarp—See article 3.1 (F) 
(u) Apothecium of Ascobolus—See article 3,3, E 
(v) Gills of Agaricus— See article 4.3, D 
(w) Teleutosorus of Puccinia—See article 4.3, B 


CHAPTER! Introduction 


d 24,000 species 

i ut 960 genera an ,00€ PYA 

raha US) come ot lare fon divkista ofthe Dus 

- den sod lk ition intermediate 

anes i occupies a posi ae 

x mat gang raus ie. bryophytes eit idee 
nae sera d | hi her than that of oan 
x = frd ta spermatophytes (seed plants). 

than t 


i inhabiting plants, 
ence— are essentially land in 
rw mel Ni dd to moist E ae ea s i ayy 
dpi es, b the side ol d iy 
> en = zm SEND are epiphytes while IT 
EM 2 P may grow even in dry areas but i Aio d 
IE other activiti tricted to wet seasons. t 
E ‘ther af RI sdapted to land Conditions, still they 
~ E for the act of fertilization. Hence due to their 
E ce on external 


life cycle, bryophytes are also regarded as amphibious plants. 
number of species is fi 


tion of 


ell defined heteromo, 
generations in the life hi 
and 


rphic alterna- 
Story, ie. sexual none Ophyte) 
te) generations or phases follow One another 
er spe 4) in regular Succession, 


&ametophytic 
eveloped, d 


y i.e. the gametoph 
an independent Structure. 


3. Gametophytic Plant body is green in colour due to the 
Presence of grass-green Plastids (chloroplastids) in the cells, and 
either thallus-like (i.e. not differentiated into stem, roots and leaves) 
or may be rootless leafy plant. 


generation and 
ifferentiated and longer. 


ytic generation is always 


i eafy members 
Och (1956) as axis and Phylloid 
4. Unlike Tracheophyta ie. 
among the me 


Vascular pj tst 
mbers of Bryophyta . ;, Pants 


; Instead, 
Pteridophyta, Angiosperms & Gymnosperms are c. i 
vascular plants due to the presence f vascular tissues in teen a pae 


> true Toots are 
TOOt-like 
` 


rhizoids 
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and scales performin i 
ponerse sisi e 8, x function of true roots are p 


> 5. The presenc i 
is called antheriaiion "de i: sex organs. The male sex 
The archegonium is mo ale sex organ is called archegoni 
Savoli nore or less a flask-shaped organ ; ite 
ollen basal portion called the vent one 
upper region called neck. In an arch ne AA pe i 
of cells surrounded by a sterile j egonium there is an axi 
of a, variab jacket—this axial row of cells 
iable number of neck canal cell. ell at 
of variable number of mode i Ili 
os le and consists of a single layer ofp sct 
inv : 
wn A esting a mass of cells, called sperm 
6. All members of bryophytes lack t i ascular 
xylem and phloem in their PESO pipers odies 
7. Sexual reproduction is of oogamous type ; it takes place 
process of fertilization of heterogametes—male gametes are 
and motile, known as sperms or antherozoids and female g 
are larger and non-motile, called eggs or oospheres. x 
8. The embryo is multicellular. Development of the er 
takes place within the venter of the archegonium—wi [ 
embryo, the basal portion of the archegonium enlarges t 
protective envelope called calyptra. 
9, The sporophytic body or S 
from the embryo is a simple structure i.e., without stem, 
roots, and is largely? dependent on the gametophytic plant 
water and mineral nutrition, as the sporogonium 
organs like rhizoids, roots or even vascular tissues. 
10. Mature sporogonium [s multicellular and has 
layers ; it is differentiated into a haustorial foot, a stem-like. 
a terminal spore producing organ ie. capsule. Wi thec 
one type of haploid spores (homospores) are produced by ree 
division of spore mother cells (2n). 


1.2 Characters of Bryophyta res 


Refer point no. Ij) 


In both bryophytes and pteri 
In both, spore mother ce 


resence of water. ) r 
the sporophytic generation while spore 
the gametophytic generation. 

1.3 Characters of Bryophyta res 
Bryophyta resembles the mem 
following points :——(a). presence of 
chlorophyl in the assimilatory tissue ; 
with pyrenoids (Anthoceros). b) Metab 


í Anthoceros S 


porogonium developed 


embling Pteridophyta po 


embling Algae š 
bers of Chlorophyta 


tos; nthetic P 
photosyn loro) 


some 
olic product is 


porophytes exception sometimes. 
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that of Chlorophyta. (c) Cell wall, like green algae, is frequently 
composed of cellulose. 


e Cyele of Bryophyta—In the life cycle of a Bryophyta 

EQ es ot aieil of gametophytic i.e. gamete-producing 

generation and sporophytic i.e. spore-producing generation, The 

ytic generation is also known as sexual or haploid genera- 

tion because this generation bears sex organs and possesses haploid 

chromosome number, the sporophytic generation is also known as 

asexual or diploid generation because this generation bears asexual 
reproductive structure and possesses diploid chromosome number. 


The plant body in Bryophyta represents the gametophytic genera- 
tion (haploid) which starts with the formation of spore (haploid)— 
this spore is the starting point of the gametophytic generation. The 

yte ie. asexual diploid generation starts from the fertilised 


egg i.e. with the formation of zygote or oospore (diploid)—the double 
number of chromosome is a 


asexual diploid or soorophy 
on gametophytes throughout their existe E 

tion of generations is of het CS NI 
ting generations are 


c -. Aposporous] 
tophytes are cytologicall diploi 
Production of Shonen bo plan 


n as apogamy— 
ns i y 
Produced sporophytes are cytologically apio. ey > 2POgamously 


CON Hepaticae (liverworts) ^. 
viz. Marchant 


d Beane) Bessey (1911) aining 
E and Evans (1938 » Wettestei 
Howe (1899), Ca ), Evans (1939). ein (1933.35) p 
Schuster (1953, "5g POU (1918 *40), Smith (1938 '55, T - Ower 
à * Takhtajan (1953 
), 
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Anthoceros and related genera is i tinctive | 

€ suffic isti f 
members of Hepaticae and therefore it should be Eo the. 
a class, as such the order Anthocerotales has been placed in 
rate class Anthocerotae giving equal rank with that of 1 
and Musci—therefore Bryophyta is divided into three clas 
Hepaticae, Anthocerotae and Musci. Subsequently Rothn 
and Proskauer (1957) have changed the class names Hepa 
Hepaticopsida, Anthocerotae into Anthocerotopsida and 
Bryopsida ; however such changes made by them are also ` 
with the International Code of Botanical Nomenclature 
The classification adopted by Proskauer (1957) is as follo 


Class 1. Hepaticopsida (Hepaticae)—Plant bodies © 
phytes are dorsiventrally differentiated and are eit 
thallose or with leaf-like appendages (foliose) ; either in 
differentiated into various tissues or nof (homogeneous). f 
are situated on the dorsal side of the plant body, rarely ter 
position. Sporophytes may be simple or with foot, seta 8 id | 
Sporogenous tíssue derives from endothecium of an embryo. 


Hepaticopsida includes four orders viz. 

(a) Sphaerocarpales, e.g. Sphaerocarpus. 

(b) Marchantiales, e.g. Riccia, Marchantia etc. 

(c) J ungermanniales, e.g. Lejeunea, Pellia, Porella etc. 


(d) Calobryales, e.g. Calobrya. 

Class 2. Anthocerotopsida (Anthocerotae) — Gam toph 
dorsiventrally differentiated, thallus-like ; 
tion is absent i-e. internally homogeneous. 
walled, scales absent. Sex organs are em 
tissue, Sporophytes are differentiated into foot à 
the lower portion of the capsule is meristematic. 
derives from amphithecium ° of a embryo, endo 
in the formation of sterile columetia. $ 

which includes 


i i single order Anthocerotales 
This clase con Tega 7 Dendroceros and Notothylas. 


e.g, Anthoceros, Megaceros, E 
Class 3. Bryopsida (Musci) - Gametophytes having two 


i onemal stage an E 
development VIZ), (a) prostrate prot ma ike aus jet 


ifferentiate k 
tophore stage, di od eer 
(0) 


and rhizoids. 
bears sex organs. S 
cellular iy with diagon d end 

ially forming 8 € ‘ ° ; 
superi phytes are either differentiated I 
foot, seta and capsule. Sporogenous 


PETUNT : 
ccoding. 16 A) 
i Article 16 (recommendation 
eres or of 19 ubclass in the Cormophyta shoul 
s). 
c | Anthoceros etc. 


* See sporophytes of Riccia, 
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or from amphithecium, but in either case ak ei 
tissue encircles* a sterile columella. Sporogenous tissue only gi 
tise to spores ; sterile cells i.e. elaters are absent. : 
Tbe Glass — is again divided into three sub-classes e.g. (i) Sphagnidae 
t contains one order Sphagnales e.g., Sphagnum. 
di) Andreacidae—it contains single order Andreaeales, e.g. Andreaea. 


Bryidae—it contains 15 orders? as follows :—orders Tetraphidales (e.g. 
nA. Buxbaumiales (e.g. Diphyscium), Polytrichales (e.g., Pogonetum, Poly- 
iricham ee), Dawsoniales, Archidiales (e.g. Archidium), Dicranales (Ditrichum, 
Dieranella), Pissidentales (e.g. Fissidens), Pottiales (e.g. Calymperes, Barbula, 

wm etc), Grimmiales (e.g. Grimmia), Encalyptales (e.g. Encalypta), 

(Funaria, Tayloria etc.), Eubryales (e.g. Bryum, Mnium etc.), Isobryales 
(eg. Papillaria, etc), Hookeriales (e.g. Daltonia, Symphyodon etc.), Hypnobryales 
tog. Taxithelium etc.). 


E L6 Origin of Bryophyta: The question of the origin of Bryo- 
ta bas been debated at length. This is due the reason to that 
phyta has not been supported by fossil records which are not 


m but also insufficient in number in comparison to the 
large number of recent species of bryophytes and also because of the 


fact that most fossils are almost similar to the present day forms of 
bryophytes, no intermediate forms are available. 


There are two theories regarding the evolution of Bryophyta viz., 


1) algal origin and (2) pteridophytic origin. The for i 
E Supported by Church (1919), Campbell (19. diana Clee 


b 40), Frye and Cl 

mo — (1945) and others. Preridophytic Gilat of 
— ald i by Kashyap (1919), Christensen (1954) 

According to the first view, the archegoniatae (i.e. bryophytes 


y d from algae; the archegoniat» ; 
turn gave rise to Spermatophyta i e., seed plants. It is Cuad thes 


t on rains and de » the fertilization wa 
form from zygote and 


€ of b 
po T cells, of course de det s 
| Overarching in Sphagnum, 


tot 
he system followed by H. C. Gangulee (1968 


€ end 
€ to the land Baie ous Position of 


Tyophyta, 


70), 
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The thalloid gameto i 
phytes of i 
some members of hu algae: eX 


Church postulated his theory of origin m 
on the following assumptions en thc primit BOND 
had morphologically similar sporophyte and gametop 
terrestrial plant had descended probably from submerged 
species of green alge in which cytological alternations was ali 
attained and also remained effective through migration to lai | 
According to him, this transmigrant alge had:—(i) 
efficiency of Chlorophyta in the specialization of chloro 
(ii) somatic equipment of Phaophyta such as in the n 
organisation, differentiation into massive main axis 
branches, dichotomy, conducting tissues etc. 


Frye and Clark held that both Chara and ancestral in 
hepatics arose on parallel lines from ancient algae; n 

primitive hepatics present day bryophytes (hepatics) spi . 
ae are supposed to have filamentous 
d hairy sperm cells consti 
d enlarged egg cells in a branch that were su 
by sterile branches. The primitive ancestral hepatics fro 


present day hepatics were derive 
coherent branches, dorsal sex organs, 
jacket, coherence of filaments etc. h 
sporogenous mass of diploid cells was formed after fertiliz 
all the cells except the cells of the jacket layer underwen 
division forming spores. 

Smith (1955) suppe 


Considering all these aspects, 
hyt - Ulotrichales of Chlorophyta ` 


Bryophyta have originated from Ulotr! c | 
ye). The primitive bryo hytes, similar to many present € 
peat ‘bab ae when there was pleni 


species, probably came into existence 
TA the Dil —thus there was but little development of water 


i i ing as 
s (except for certain cells on dorsal surface) growl 
T 4 f moisture corresponded to the method o 


econd view, the pteridophytic or 
ipe t id by many workers. Tn fact, t 
ich states that evolution of simple 
due to reduction in 


is ean place from co t complex forms T7 
t always that oe Kashyap (191 


is collected evidences put - 
rhe held the view 


‘qualloid gametophytes), similar stru 


of spore formation, fu 
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bepat ved from higher forms. The gametophyte of 
(oce aai Dieridopayte) and that of Anthoceros erectus 
(a bryophyte) are identical. So it has been presumed that the evolu- 
tion of dorsiventral gametophyte of Marchantia (hepatics) took place 
probably from erect radial gametophyte of. pteridophyte. It has 
been observed in support of the above view that gametophyte of 
— Equitum debile resembles on one hand that of Marchantia and on 
the other Lyc: cermuum, so Kashyap postulated the line of 
evolution as follows :— 


Lycopodium cernuum-» Equisetum debile > Marchantia 


Christensen (1954) also suggested the pteridophytic origin of 
bryophytes. According to him, bryophytes have been derived from 
any one of the following conditions, e.g. (a) from pteridophytes 
bearing leaves in the stems of both the gametophyte and the sporo- 
phyte, (b) from leafless pteridophytes like the members of Rhyniacez 
and (c) polyphyletically from different types of pteridophytes. 
Proskauar (1960) suggested that anthocerotean type of bryophytes 
have been derived from Horneophyton type of pteridophyte. 


1.7 pue of Capsule and methods of spore dispersal in 


There is no special mechanism for the dehi 
= Spore dispersal in Sphaerocarpus le Rae ee 


us mosses e.g. Archidi icci 
mew ofthe capsule Pom Tees eiie. Sx 


lic tissue of the thalys. quo 7,2 Venter layer inside the 


There 


?rs oft š 
class Bryopsida where there ear Bryidae (Eubrya) of the 


. Phascum etc. I 
i EU mosses 
totting or irregular splitting these mosses spores ar » eg. 


of the capsule wall 


Spores are formed acu’ Sta is present) osa. In epati 
In the Bryopsis 2nd the calyptra ig eyo Ongates rapiat a 
after it oo e seta elongstes YPtured exposing +P, after the 


Ngates gra Posing th 
n radu: e ca 
pushed through kd the an EM Capsule ri M. 
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In many members of Marchantiale j 
maturity splits longitudinally from Mec middle int 
indefinite number of segments (e.g. Marchantia), but there a 
definite predetermined longitudinal lines of dehiscence. 
Marchantiales e.g. Reboulia, Cryptomitrium etc. the upper p 
capsule jacket comes off asa lid and the lower part rema si 
forming a cup. 

In a great number of Jungermanniales, the mature cap 
into four valves from apex downwards along predete 
tudinal lines of dehiscence (e.g. Porella) ; sometimes 
become reflexed and hang downwards (e.g. Pellia). In Ri 
Metzgeria the splitting includes the elaterophores. So! 
four splitted valves may remain united at the apex an 
liberate through four slits between the valves, eg. Ci 
Pallavicinia etc. In Fossombronia the capsule dehisces 
In many Species of Podomitrium the capsule dehisces by 
only which remain adherent at the tips. 


After the dehiscence of the capsule the spore dis 
majority of the Hepaticopsida is helped by elaters wi 
hygroscopic movement, According to Ingold (1939) there 
mechanisms effecting spore dispersal among Hepaticops 
are: (a) the water rupture mechanism, seen among the mei 
of leafy Jungermanniales (Jungermannineae) ; (b) the hygrost 
mechanism seen in the most members of Marchantiales having € 
and in thalloid Jungermanniales (Metzgerineae) ; and (c) the 
spring mechanism, seen in members of two families of leafy 


manniales, e.g. Lejeun 


capsule dehisces, ( 
mined longitud 
dehisces by 2 or 4 valves. 
capsule by the hygroscop! 


columella. 

In some mosses e.g An 
tome and operculum ate els 
prp eben dein iud species of Andreaea the cà 

valves, but these slits 
cg the capsule and the ends of the dates 
the apex. The opening and cloning ie Er 
take place by hygroscopic changes. e 
wards—as à result slits ope 
wet they (valves) straighten up Es 
m (order Sphagnales of the subclas 


1 bryales of the subcla 
Braunia and Aulacopilum, (orae oral vU fori 


i Jla region ep 
ure created in the colume: pie 
en. t0) eecting thereby cloud of dry and powdery Spore ; 


BRYOPHYTA—INTRODUCTION 747 


e number of Bryidae is provided with an 
“ortho, ne nli These two structures together constitute 
a definite mechanism for dispersal of spores. The peristome is 
hygroscopic, and this hygroscopic activity of peristome helps in 
spore dispersal. : š 
In some mosses of the subclass Bryidae e.g. Funaria, Hypnum, 
Orthotrichum etc. the peristom is double-layered. The outer peris- 
tome is hygroscopic which shows movement according to presence 
or absence of moisture and thus helps in the dispersal of spores; in 
absence of moisture the peristome curves outwards allowing the 
spores to set free while in presence of moisture peristome bends- 
inwards preventing the escape of spores. The inner peristome is- 
not hygroscopic ard acts only as a sieve. 


In other mosses e.g. Polytrichum (subclass Bryidae) the capsule 
becomes porous. In this genus the operculum falls off when the 
mature capsule dries. Here the peristome teeth are united with the 
epiphragm. By drying up of the thin-walled cells between the peris- 


tome teeth, small openings are formed in the margin of the 
UE 


through which the small spores are liberated, a few at a 
as the ca 


psule sways by the velocity of the wi 
mechanism). M the wind (censer 


L8 Photosynthetic tissues in Bryophyta : 


The photosynthetic tissues i.e. chloro 


last beari 
the members of bryophytes are di a s 


lls 
stributed as follows a ae ne 


starch ; above this, on the d 


3 nthetic tissues. 
there H 
hé x fore, the photosynthetic System is 


ivided into ventral sto Very simple, 

o». thetic and ventilating systems. system and upper i.e, dorsal 
thallus of Marchantia i = 

U sasa 1s composed of dorsal as well as ventral 


are funnel-shaped, the 
Products to the ventral 


The Sporophytes of i 

Ee beating celir^ and Marchantia | 
members of leaf, 

each cell of aly Jungermannia] 

organ, | the leaves of gametophyte ie. Hae oes chloro 


form Plasts in 


Otosynthetic 
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In Anthoceros the cells of the thallu: e 
there is no differentiation of ventral and dorsal isa i 
the thallus contains a single chloroplast with a pyre 
photosynthetic tissue in Anthoceros is uniformly distribu 
plant body and is very simple. There is no differe 
chlorophyllous tissues. 


_ In Anthoceros sporophyte, photosynthetic tissue lies 
jacket i.e., the cells of the capsule jacket contain 
functional stomata are also present in the jacket. 


In Sphagnum, chlorophyll containing cells are 
leaves—this photosynthetic tissue is alternately arran; 
hyaline cells. The sporophyte bears photosynthetic 
the jacket cells of the capsule. 


In Polytrichum the gametophore possesses photos 
within the green aerial leaves, the chloroplast containin 
arranged vertically towards the upper surface of the leaf. 
phyte also contains photosynthetic tissue in the capsule ja 
within the air space which is traversed by filaments o! 
containing cells. j 

In Funaria, the photosynthetic tissue is distributed i 
cells of the aerial stem and in the cells of the lamina or Wi 
leaves of the gametophore. The sporophyte of Funaria a 
photosynthetic tissue and which is restricted in d : 
parenchymatous cells lying next to epidermis, the cells o! 


also contain chloroplasts. 


CHAPTER II Hepaticopsida (Hepaticae) 


les — i i P iales are 
Order Marchantia! .e, plant bodies of Marchantiales 
ribbon-shaped Re ocbl and dorsiventrally Spee ees 
= genera, t fthe gametophyte is green - 
ue Cy greci "The femi portion of E cec 
pareochymatous i composed of two or three types of 
A. cells. ie WAN] ‘sortace of thallus bears scales and rhizoids of two 


types. nerd in Riccia 
be simple, represented by a capsule only as in 
Hy erentiuted into foot, cA and capsule—the capsule jacket of the 
e is always one cell in thickness and there is no columella or elatero- 
e.g. Marchantia. 


jales include about 35 genera with 420 species (Parihar, 1965). 
Senn (19:5) has divided this order into five families e.g. .l. Ricciaceae, 
2 3. Targioniaceae, 4. Monocleaceae, 5. Marchantiaceae. 


21 RICCIA 


Riccia belongs to the family Ricciaceae of the order Marchantiales: 
under the class Hepaticopsida. 


Habitat—The genus Riccia with more than 130 Species is a 
cosmopolitan and widely distributed both in tropical and temperate 
regions of the earth. With the exception of a single aquatic species— 
Riccia fluitans, all other species are terrestrial. 

In India, 22 species of Riccia have been reported, of these the: 
common species are R. discolor (= R. himalayansis), R. crystallina 
R. gangetica, R. pathankotensis etc. ý 


A. Structure of the adult Gametophyte 
1. EXTERNAL MORPHOLOGY— 


(a) The plant body is a flat, dorsi TN 
Prostrate, ribbon-like and more or less y M thallus which is. 


fleshy. 
b) Branching of the thallus 
is each branch is 
linear to wedge-shaped or obcor- 
- Due to repeated dichotomy 
and also due to the occurrence 
ofa number of such dichotom- 
branched plants together at 
8 place, the plants often take on 
a rosette-form (Fig, 2.1). 


(c) The thallus is usually 


Colour; each branch of 
the US is provided with a 


(plant body) 


X i : 


External feature 


Fig. 2 


ib i 1- Ricci 
the dorsa midrib is traversed on of + iccia s 


ie ametophyi S i.e. 
e by owing Tosette-fi 
m RM ian, longitudinal fur idii l fi 

inal fy 
ends he thallus forming ax 


Plant bodies 
Tms, 
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Apical notch. The growin i i e 
Fide g B point of the thallus is loc 


(d) The ventral (i.e. lower) surface bears nu 
hairs or scales, one cell in thickness and unicelinlags D 
types viz., (1) smooth-walled rhizoids and (2) tubercula 
rhizoids. Cells of the smooth-walled rhizoids are 
contain colourless protoplasts ; cells of the tuberculate 
provided with peg-like or plate-like projections of the wi 
rhizoids lack protoplasm. Rhizoids attach the thallus to the 
tum and absorb water and solutes from the soil i.e. they perf 
functions of roots. 


Rhizoids and scales are absent in aquatic species eg. 
2. INTERNAL MORPHOLOGY i.e. ANATOMY OF THE THAL 


(a) The thallus shows internal tissue differentiation 
tissues. 3 
(b) The lower or ventral region (as seen in a sagittal plat 
a vertical cross-section) is composed of colourless, compac 
parenchymatous tissue without any intercellular spaces 
parenchyma tissue generally lack chlorophyll and cont 
Therefore the ventral region primarily constitutes a stora 
From the continuous lower superficial surface i.e. lower e 
scales and rhizoids of two types develop. Rhizoids are mere 
extensions of some large cells of the ventral part of the m 


IG CH E KB s 


RHIZOIDS E 

i -secti thallus of Riccia sp. D: An 

parnm Vectosynthetic)- tion of the airal region (storage in fi 

ion i osed of chloro 

r or dorsal region 1S comp e 

Speer in vertical tiers, these tiers of cor bers 
em alternately separated by narrow vertica be 


BRYOPHYTA—HEPATICOPSIDA Š 751 


- ehamber is generally enclosed by four rows of cells. Each air chamber 
oder exterior bx means of an air pore, which is 
simple intercellular space bounded by 4-6 epidermal cells. The 
terminal cell of each tier of chloroplast bearing cells is colourless 
and somewhat enlarged so that it forms with the corresponding cells 
of the neighbouring filaments a /oose, ill-defined and discontinuous 
upper epidermal layer—one-cell in thickness. 


The growing apex is composed of a row of 3-5 or more cells ; 
in vertical longitudinal section each apical cell is triangular in 
outline. 


3. VEGETATIVE REPRODUCTIVE STRUCTURES AND VEGETATIVE 


Vegetative reproduction in Riccia takes place 


(a) by the progressive growth of the apical region followed b 
gradual 


th and decay of older parts of the thall fi 
e ed: P us from the 


(b) by the formation of adventitious branches arising fro 
ventral surface of the plant body—these adventitio c es 


us branches are 
in large numbers, become detached from the parent pl 
germinate into new plants in a rosette-like form, e.g. Y ial 


ES R. fluitans ; 
e the formation of gemmae-like bodies formed i 
j at th 
; these gemmae-like structures develop into new one. 
(d) In R. discolour, the a 
Ç Pex of the thallu 
the soil at the end of growing season and b : 
oye E grows up again in the next seaso 


A 3 
( A "i e eter of Perennating tubers deve 


aaisvourabio conditions 


grows down into 
€comes thick, This 
n and gives rise to 


- During favourabl S 
ment from the plant body resu e conditi 


AND SEXUAL REPRODUC- 


Riccia is mainly homothallj 
0 allic (monoeci 
en male (antheridia) and fema G 


I Antheridia—A.ntheriai l 
faised above the general care", singly in discoi 
general surface of the thallus, Pod : nthe jg ehtiy 
eri ium at 
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first arise su i 
perficially on the floor of 

; th | 
but ultimately becomes situated deeply wa s ji 
chamber which 
the up growth of the 
ding vegetative tissu 
it. Each mature ant 
consists of a short, 
ATHERIDIAL stalk by means of Wi 
antheridium is alta 

the base of the 
chamber, and a ; 
body having a 
conical or ro 
1 body hasa 
yer composed 
STALK layer of thin- 
within the jacket | 

lies numerous 
Fig. 2.3—Mature antheridi ici, oe note 
meyer eile aa 
gular androcytes, each of which is metamorphosed into a bi 
antherozoid or sperm. I 


At maturity, cubical cell walls inside the antheridi 
and antherozoids lie free within the antheridial jacket, next 
tion of jacket layer takes place and antherozoids are set 
the antheridial chamber. They are finally liberated ou 
antheridial chamber through antheridial pore ( 
imbibitional force. 


Archegonia—Archegonia also arise supetficially on the f 
dorsal furrow of the thallus, but they become partly 
archegonial chambers of the thallus formed by the up gro 
surrounding vegetative tissues. The mature archegonium. 
stalked, flask-shaped structure and consists of a basal sw 


called the venter and an elongated protrude 
ayered tube compo 


the neck. The long neck is a single 1 e 2 
tiers of elongated cells arranged in 6 vertical rows ; 
surrounds a narrow canal which is composed ofa row 


canal cells. The apex ofthe neck is covered by four spe 
slightly larger cells called cover cells. The venter has à 
jacket which encloses a small ventral canal cell and a 
egg or oosphere. ; 

TILIZATION (Syn, o! 
imde i Bal cells and. ventral canal cell 
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i ome 

rchegon e neck of the archegonium, s 
pm cont rk stimulates the apiherozoids to 
in that direction. Then the antherozoids enter the ven 


3 


: Cel = 1 
ot 
B 
D 
Ë Ë 
pn 


Fig 2.4—Mature (B) and an immature (A) archegonia of 
Riccia sp. in 1. s. F 
nly one of them fertilizes the egg Or Oosphere. As soon as the 
tion takes place, the formation of diploid zy 


gote Or oospore 
Structure and development of the Sporophyte 


* is the first cell of the sporoph te; immedi 
the zygote increases i rtl ed 


he ; ly aft 
n size until it nearly fills t dicis 


he cavity 


versely 
Tesult a 
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for nutrition of the s 
c pores. From the end f 
tissue develops. The sporogenous tissue seroma 


sporogenous tiss 
sterile—these st 


NECK 


JACKET 
(WALL) OF 
SPOROPHYTE 


venter of the 
and mot from 
SPORES The jacket c 
Fig. 2.5—Longitudinal section of the nearly 
mature sporophyte of Riccia sp. 


remain appose 
spherical sheath until the 

mature spore is provided with three wall layers SU 
(outer wall), mesosporium (middle wall) and endosporium 
Mature sporophyte is completely em 


plant body. 


liberation of spores d 
Spores come out long after the sporop 
death and decay 
surrounding tissue 
p. Formation of new Gametophyte— Spore i$ the fi 
ametophytic generation. Each spore under favoura € 
i d gives rise to a new gametophytic plant 00! 

wall layers VIZ. ex: 


erminates an 
mination O 1 
c i dosporium cO 


mesosporium ru 


s In Riccia Sp» the jacket itself is calyptra in nature. 
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This germ tube develops iato à thread-like protonema from 
ia thallus arises. 
ultimately the new Ricc: 


Fig. 2.6—A-Mature sporophyte of Riccia sp. in t. s. 
B— Mature spore-tetrad. 


—Archegoniun (n) 


lus um 
(i e. plant body) -»Antheridium (n) 
GAMETOPHYTE 
(N) $ 
Sperm (n) Eeg (n) 


Dues S Y NGA MY 
SPOROPHYTE (2N) `x à 


+ Mature < Zygot 
sporophyte (21) s SPoroPhyte (2r) «- Cospore (2) 


to the family M A 
class Hepaticopsida Chan tiaceee of the Order 
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Habitat—The 
_ H genus Marchantia with 
pie i over the world. In india the parma ili y 
pren regions, it grows best in moist places alo 
There are about 11 speci 
? ; pecies of March, in India, 
pA bs Himalayas. Of these India Et. í 
ad pha, M. nepalensis, M. palmata etc. are common 


A. Structure of the Gametophyte (plant body): 


1, EXTERNAL MORPHOLOGY OF THE PLANT BODY— _ 


(a) Like that of Riccia, the plant body is thall | 
flat, dorsiventraly differentiated and richl ae h ee 
the apex of each branch is notched. es 


.(b) The thallus is deep green and provided wi 
Midrib is median, more or less conspicuous and is ma 
dorsal surface by a shallow groove and on the ventral s 
low ridge. When examined with a pocket lens, the dorsi 
of the thallus appears to be divided into small polygonal ot rli 
areas ; these areas indicate the outline of air chambers 
located just beneath the upper epidermis. Each such area ha 
prominent dot-like spot in the centre which indicates the 
an air-pore. 

(c) On the dorsal surface, along the midrib, there 
or crescent-shaped structures with frilled margins known. 
cups. Each gemma cup contains one or more vegetative 
bodies called gemmae (singular : gemma). 

(d) Mature thallus bears at the growing apices 
branches sex organs borne on special erect branches of two ! 
(i) male sex organs (antheridia) borne on branched anti 
and (ii) female sex organs (archegonia) borne on archegoi 

(e) From the ventral surface of the thallus, like that 
scales and rhizoids of two kinds i.e. smooth-walle 

develop. These rhizoids serve as absorbing and anch 
Scales are multicellular and one-cell thick, these are P 
both sides of the midrib in 3 to 4 rows. 
) The growing point of the thallus is situated at the D 


each apical notch. 


cells may contain a E 
cells, certain sca } y 
ane large oil body or are filled with mucilage. 
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midrib region are elongated in sagittal axis, and the walls 
ot oy cells are marked with reticulate thickenings. The outer- 


+ 


=> A 
[222 2) SUE Cen 


most . of the y. B—Female 
IT layer of the vent plant body, 


+ ty E» layer of t 
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. Towards the dorsal region there are n i 
single horizontal layer Just beneath the. Me 
chamber is demarcated from each other by a single 
of cells containing chloroplasts. Air chambers are 
simple or branched chloroplast bearing cells in chain ar 
floor of the chamber; each air chamber opens to 
means of a specialised pore. The upper epide 
nd by these pores which communicate with the air 

ow. E 


3. VEGETATIVE REPRODUCTIVE STRUCTURES AND V 
REPRODUCTION— 


Vegetative reproduction takes place (a) by th 
of the thallus, (b) by progressive growth of apica: 
by gradual death and decay of older parts, (c) by the 
adventitious branches and (d) by the formation 
of special vegetative reproductive bodies called ger 
are produced in large numbers and in long successi 
cup-like structures (cupules) called gemmae cups borne 
surface of the gametophyte along the midrib. A mai 
a multicellur discoid body with one-celled hyaline s 


š P itudinal section of the pl 
rig. 2.8—Marchania SD. a ef gemmae. 


through a gemma 


cells thick in the mi 


mary nother. These two notches mark 


x Fie gem eo 

Í . : a jil b 
i the margin con 

lasts but some cells just near is vertically inserte 


mma men 
of chloroplast. Po "pach gemma after detach p 


ith the 
like truci ure (i.e. gemma cu 
tions into a new plant. 
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4. SEXUAL REPRODUCTIVE STRUCTURES AND SEXUAL REPRODUC- 
| i In female plants, the 
is heterothallic i.e., dioecious. In fem " 

PN rire ese on special erect, stalked branches called arche- 

gonlophores ; similarly male plants bear the antheridia on erect, stalk- 

ed branches called antheridiophores. 

The antheridiophore and the arche- 

re possess all the charac- 

teristics of a thallus, ko; air cham- 

bers, air-pore, photosynthetic tissues, 

and rhizoids, which indicate 

P these structures are nothing but 
a ified part of the thallus. 


Each archegoniophore arises from 

a region just behind the apex of the 

thallus. The mature archegonio- 

consists of a long stalk bear- 

RA at E pes a Sarah generally 

t-ra often 9-rayed) or lobed 
stellate 


a 
(ERU: 


Oe 


disc. Between the rays, the d. ien 
groups of archegonia are arranged ise 
radial rows, each row being borne 


in an inverted position i.e. with their 
necks downwards. Fach group of 
onia is protected by a perichae- 


Fig. 2.9—Single mature gem 
fium. Mature archegonia are situated of Marchantia sp. 


ly towards the i i i 
towards the centre of the Mens al While young archegonia lie 


Each antheridiophore is simila, ; on 
Me of ap "iud similar in Position to the arche 


: ° jacket of the b 
water ea ga ss mo 
divides iagonall ~ lke Riccia each MS sperms or 
of which is y and gere to two triangu o oo Soother cell 

Which nto a biciliate sp androcytes, each 


ee x "m erm or antherozoid, 
similar to that of ET M 


nn Of fertiliz.4: 
e Gene rtilization i ^ 
edis hore discs are splashed [y tl erozoids from the top ually 
phor es, t en swi > T 
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reach the eggs. O 
arch eggs. Only one anth : 3 
gold jig ose pert 
ANTHERIDIAL Pal 
axes OO ; 
A x 
Ë 


Fig. 2.10 — Marchania sp. A—L. s. pane a disc of ani 
o 


showing few antheridia. B—L. s. antheridium. 

D -Single archegonium in 1. through a 
archegoniophore. 

B. Structure and development 


Immedi 
venter. The growth of the zygote 


of the venter ; the 
urrounds the 
ter 


ing several-la ered calyptra W s 
sh 4 f the cells at the base of the ven 
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wide forming a collar-like cylindrical outgrowth, onescell in thick- 
known as pseudoperianth or perigynium. 

‘ l. DEVELOPMENT: Zygote nucleus first divides transversely into 
an upper epibasal cell and a lower hypobasal cell. By subsequent 


divisions, one being in a plane perpendicular to other, an octant 
- (S-celled structure) is formed. Derivatives of epibasal cells contribute 
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2. MATURE SPOROPHYTE : It is a 

and is differentiated into three distinct Mee 
(b)the seta and (c) the capsule. The foot is a bulbo: 
shaped spreading structure directed towards the arci 
The seta is short and thick, and lies 
but the seta is capable of elongation. The capsule is ne 
or oval in structure and is provided with a jacket 
of cells. The capsule contains spores and elaters. E 
hygroscopic movement help in the scattering of spores: — 


€. Dehiscence of Capsule and Spore disp : 
capsule breaks through calyptra and pseudoperianth | y 
of the seta and hangs downwards from the disc of arch 
Then the capsule wail splits longitudinally from apex to 
jnto irregular number of lobes exposing the mass 
elaters. laters by their hygroscopic movement assi 
up the spore mass and ultimately the spores 


and carried by air currents. 


D. Formation of new Gametophyte—Spores 8 


favourable conditions into new gametopbytes. 
of each tetrad develop into female gametophytic plants 


two into male plants. 

E. Conclusions : (i) In Marchantia Sp- tissue differentia 
phyte with specialised mechanism for photosynthesis js very dE 
which has reached its extreme condition. : 

(2) The differentiation 
capsule—the rapid development of seta exp 
for the dispersal of spores are im 
attached with the gametophyte by means 

3) There is a tendency for the sterilization 
inte ) satere— an important feature of the group 


dispersal. = 
(4) pehiscence of capsule wall into irregul 


elaters. 


y. Life Cycle š 
hanti: 


—— Mature Marchantis 
— Mature Marc ia ie 


sporcgorium into 
osing the capsule f 


of po! 
— which are ass 


ar valve exposing 


Qung female 


Young male Y 
thallus m ante GAMETOPHYTE | : 
gn Archegonium (n) 
Spore (n) rcheg 
H Egga) — 
Spore- ae (n) $ 
MEIOSIS” oo SPORÓ "T 
mother4-Capsule bv 


Sporophyte 
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Jangermanniales—Members of Jungermanniales are known as leafy 
as the tes of this order are mostly of foliose type and are 
into stem and leaves. In some genera, gametophytes are thallose 


E those of Marchantiales ; intermediate forms between thallose and leafy 
a 


d 


abo noted some members of this order. But presence of any 
Seibert interes! (osos differentiation like the gametophytes of Mar- 


The eie Growth or the gametophyte is alwys initiated by a single apical cell. 


nec 
tiated into foot, seta and capsule; the capsule jacket is multi- 
The capsule dehisces at maturity by splitting into 4 regular valves. 


The order Jungermanniales has been divided by Smith (1938, '55) and other 
modern workers into two sub-orders e.g., 7 í js 


Sub-order I, Metzgerineae (= Jungermanniales Anacrogynae) 
” 2. Jungermannineae (=Jungermanniales Acrogynae) 


23 PORELLA(=MADOTHECA) 


1 apn to the family Porellacez (= Madothecacez) of the 

: ee under the order Jungermanniales and the 

Habitat--The genus Porella with about 180 

distributed ora enn. w many species also occur in 
ella generally grows as green 

i rocks and barks of trees, sometimes on soil te SA 

Eee are about 34 Indian species of Porella, 


recorded from the Himalayas, and a f. 

J i few fro i 

Of the Indian oe P: platyphylla is the most dis Mdh. 

-— ores TOpe, N. America and Asia, Sch 
^ nts, P. obtusifolia, P. plumosa, P. campylophylla etc 


A. Structure of the Gametophyte j 
i "im MORPHOLOGY— 

b^ plant body ie. i 

dorsiventral, branched leafy axis. CES utl Roars aflat, 


(b) The 3 ay 
) : oid pre 1.€., axis is bi- 


Species is mainly 


«e. plant body 


or tripinnately branched— 


W ie. amphj top ie., dorsa] s; e Succeedin 
> Amphigastria are smal] n BLO leaves of 
3, esemble the 
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postical lobes of 
Mecactent als dorsal leaves but they are broader wit 


ANTICAL 


Fig. 2.12—Porella latyphylla. A—' ic plant 
sporophytes in Total: siw: A ine 

shoot in ventral view showing amphigastria ; 

and postical lobes are also shown. 

(d From the ventral side of the stem large num 

chizoids of smooth-walled type only develops—the m 

rhizoids is to anchor the plant to the substratum. 


2. INTERNAL MORPHOLOGY— 
The stem shows little tiss 
lly small and thick-wa 
d thin-walled. 
mple in struct 
gonal cells, 


(a) 
cells are genera 
cells are large an 

(b) Leaves are very si 
of a single layer of poly 


„chloroplasts. 
The apical growth of the thall 
tetrahedral (pyramidal) apical cell w 


3, VEGETATIVE REPRODUCTIVE STRU! 
y the pro 


REPRODUCTION— 
Vegetative reproduction takes place (a) b 

of the thallus with gradual death and decay of o! 

(b) by the formation of adventitious buds. 

4, SEXUAL REPROD 

Male plants are sma 


—Porella is dived dale anche 
teral antheridia ranc 
they bear t in axis. Female plants are 1 

8 


ngles from the main axis. ° 
oe jal branches which are 


us is initiated by t! 
ith three cutting fa 


CTURES AND 
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Antheridia are borne on antheridial branches. Each 
‘antheridium is borne in the axil of each leaf i.e., bract of an 
antheridial branch. The mature antheridium is a globose structure 
with a long stalk. The jacket of the antheridium is single-layered 
the upper part whereas it is 2 to 3 layered at the basal part. The 
cket of the antheridium contains sperm mother cells, each of which: 
metamorphosed into a biciliate antherozoid or sperm. 


Prat platyphylla, A—Portion of the male 


inch. B--L. s. of antheridi 
antheridia in the axils of eaves: uo 


liberated sperm. 


plant showing. 
showin, 
. C—Single E 


are produced in 
At first few ar Renoir ape 


d and a venter. The Set hasa more or les 
neck cells and within the ae ae Peck. «ed 0f 3 vertical rows 


i T LS 
pese = 2 layered and it contains i 


FERTILIZATION—It 

like takes place in the us 7 

other members of e 1 ual way in prese 
Zygote Pica ; Sa As a res tliza- 


esult of fertiliza.. 
DR eno Ce te formation of zygote, the 


elopment of the Sporophyte 


rium : the ep; ms a E 
SPorogonium fen e^ cell, by repeang or Which 


to entire 
x t» sporophyte, Peated division, 
> 
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A mature sporoph : 
and rophyte consists 4 
sd er Cops piegay more or Ms a wo cap. 
Borogencut itis Theda P ROG du 
rede A . e The jacket of the capsule is3 to. 
the four verti cells of the capsule are thick. 194 
lines of descent spo a 8 cells which: 
cells and elaters. Spore moron Bee pat si 


m, 
gi 
m 

B 
F H 
a ; 
Histo VENTRAL CANAL 
" 


Z 


Fig. 2.1 4—Porella sp. A—Portion of the female plant 
mature sporophytes with ruptured capsules. B— 
C—Mature sporophyte in. 


mature archegonium. C 4. 
longitudinal section. 


to haploid spore-tetrads. Elaters are sh 

fand with 1-2 spiral thickenings. As soon as spores 
gametophytic generation begins. A mature sporophyte is 
two envelops, viz, calyptra and perianth. The calyptra is 


and formed from the venter of the archegonium. 42% 
„formed by the coalescence of the bracts of the archegonil 
nd Spore dispersi r 


C. Dehiscence of the Capsule a 
ddenly thrustin 


maturity of spores, the seta elongates SU 
ats protective envelops. en the cap 
wards along the lines o! 


spores are discharged. The dehiscence 
discharge are mainly due to the hygresco, 


elaters. 


ort, tapering 
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D. The young Gametophyte— Spore is the first cell of the game- 

3 The wall is thin and provided with two layers viz. 
exospore (exine) and inner endospore (intine). The exospore 
y be smooth, papilloss or finely echinate. The spore, after falling 
a suitable substratum, produces new gametophyte through a 


d protonemal stage. 


3 Male gametophytic plant (n) —— — —. 
. E Female gametophytic plant (n) 


BAMETOPHYTE 
—. Young thallus oe 
d on 
emit Archegonium (z) Haaa (n) 
i Spores (n) 
ua (n) T Sperm 
= [ t 
SS ee aaa | Syngamy | 
- ; ee [ee 
aam cell T2 
pL 
Mature Young 
- "apsule (2n)<-sporophyte (2n)e-sporophyte coa (2n) 
Conclusions— 


are api "Pn 
the gametophyte is the Ù position and 


same. 
Orogenous tissue, 


of capsule by four Spreading valves, 
due to hygroscopic movements of th 
e 


CHAPTER III Anthocerotopsida (Anthoce 


The monotypic class Anthocer thocerotae) c 
pd  Anibocesotaiee which again MEM Mere di: 
Otaceae contai. i d 

Gall Montene ins 4 genera viz, Anthoceros, Dend 


The gametophytes of this class have i thalli 
any internal tissue differentiation. Too ee oe oot] 
absent. Each cell of the gametophyte has a large chloroplast 1 
central pyrenoid. Sex organs are embedded in the gametophyte. 
the sporophyte is very complex, being differentiated into a bulbous: 
matic region and a long cylindrical capsule. 


3.1 ANTHOCEROS 


Anthoceros belongs to the family Anthoce 
Anthocerotales under the class Anthocerotopsida. 


Habitat—Anthoceros, with about 200 species, 
but occurs mainly in temperate and tropical regions. 
generally found to grow in moist and shaddy places on 
etc. 

About 25 species of Ani 
reported from India, of which 
ones are Anthoceros erectus, A. 
sis, A. khandalensis, A. cri: 


A. Structure of the Ga 


1. EXTERNAL MORPHC 


(a) The plant body 
ventral, prostrate and d 
gametophyte. š 

(0) The thallus is s 
variously lobed—the lobes 
several layers thick in 
is either broad indistinct o! 
times the thallus is raised ¢ 
stratum. i i 

(c) The dorsal surface 
is smooth or E I 

„1—Anthoceros SP., surface rhizoids of 57 
Fig: (gametophytic plant  oyjy develop, scales £ 


us 
4 oo qes oF are absent. 


2, INTERNAL MORPHOLOGY— 
Internal tissue differentiation 1 
of On. parenchymatous cells. Each 


s absent— 
cell contains 
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i investing the nucleus. 

i with, or more or less in i vi 

` oar mew ihata a conspicuous central pyrenoid rese g 
some green alga viz. Coleochaete. 


Fig. 3.2—Portion of t. s. of the thallu 
M. C.—Mucilage. Chil—Chloropl. 


S of Anthoceros Sp. 
ast. N—Nucleus, 


» instead intercellular Cavities filled 
ge are present in the 


Ventral surface these mucilage 
Containing cavities Open to the ventral 
2 ; sli Pores are often inhabited by endophytic 
colonies Nostoc. 


3. VEGETATIVE REPRODUCTIVE STRUCTURES AND VEGETATIVE 
REPRODUCTION— 
Vegetative reproduction takes place by the growth oft 
Tegion and progressive death of the The gametophyte 
under Conditions Produces tubers formed due tot 
thickenings, these tubers i 
favourable 


Conditions each tub 
Plant. 


1 l ious) or heterothalli 
E mothallic s ecie idi » 
they are prorat, ho: "x pecies, antheridia 


ature early ie. 
Organs are deeply embedded in t : 
, S 5 ! he thallus, 
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cells, each of which i 
are linear and Wedel Med M 


Fig, 3.3—Anthoceros sp. A—Antheridia in 
B—L. s. of a single antheridium. C—Sin; D 


of the antheridia, the TOS 
ing thereby the anth rid 
ber ruptures exposing e Em he da result 


the 
er wa rrounding film of water. 


cell disorganise. 


6. FERTILIZATION— At 
the time of fertilization 
one of the antherozoids 


à result zygote or oospore 
is fi As soon as 
a ip (onal the 
T A rophytic 

e dd 


B. Structure and deve- 


aman. of the Sporo- 


After fertilization the 
zygote swells to fill the 
venter and secretes a wall. 
E Or oospore a 

ivid 
and redivides forming a 
OF sporogo- 


(a) At first the zygote 
vertically into two 


by 
tical division in a Plane 
T r to the for- 


T cells, Fr 
the capsule à 
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—Avrchegonia develop singly from the superficial cells 


of the and produced in acropetal succession. There is no 
stalk and they are embedded in the thallus, and are in direct contact 
with vegetative cells lateral to them. The nearly mature archegonium 


consists of a vertical row of 4-6 neck canal cells, a ventral canal cell 


> 
7? LX 

SES 

KBEAN 


Fig I ou 


Ofan entire 
SPoro gonium or Anthocerge nl 6 oy 


(semi-diagrammars 
om the mma tic), 
evelops, Upper four cells 


9f an c'əht- 
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(c) After o 
(c) er one or two j ivi 
Pp. division takes place which. dii € 
E "ds an E amphithecium a au à 
om t i 

Nun. Diss: endothecium, a central 

co) uus amphi further divides 
stenig yer known as initials of jacket l. onl 
yer known as archesporium e 


Fig. 3.6—Anthoceros tp. A—T. s. of 
mature capsule. B— Portion of a capsule 
in l. s. W-—Capsule wall. S—Spore- 
E—Pseudo-elaters. C—Columella. 


( The initial of jacket layer divides pe 
wall of the capsule which is 4-6 layers of cells mi 


The archesporium br 

mother cells and branche ile ç 
cell by reduction division gives rise to our spore: 
2, STRUCTURE OF MATURE SPOROGONIUM OR Š 

(a) The mature sporophyte consists of expan 
and smooth, slender, erect cylindrical capsule 
all the stages of spore production at a tim 


13 
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` rt has mature spores and all the 
aA -— Eon the two extremities. 


sporophyte is attached in the tissues of the thallus by 
Ps x] EL. between foot and capsule seta is absent, instead a 
ment of meristematic tissue is present, by the activity of which the 


is made up of several tissues. In the centre of 

there lies an axis of sterile tissue. known as columella— 

M contains tracheid-like cells in some cases. The colu- 
malla be uvaally a 16.celled structure in cross-section. 


I [^] the columella there is a cylinder of sporogenous 
‘i Frias wich i differentiated into alternative blocks 
fey branched pseudo-elaters and spore-tetrads towards the 


The capsule wall is multilayered, i.e. consists of 4-6 layers of 
P Outermost layer forms the epidermis with distinct Stomata. 


! cols are parenchymatous with intercellular spaces and 
— The jacket is provided with distinct line of 
3 Capsule and Spore qispersal—In dry condition, 


water, the tip of the capsule graduall shrivels 
dehisces by splitting into two valves exposing spores 
Spores are shed from the exposed capsule by 
ves, pseudo-elaters and columella, 


| i I takes place by air Current. 
te 
| Formation of new Gametophyte—Snores after liberation from 
¢ one cm Sd n bei or months— 
| germ and forms 
through divido ts ultimately passes to the adult conditis ase 
E. Lite Cyete 


A; H 
e VE Anthoceros plant Z? ` Chegonium 


GAMETOPHYTE 


(N) 


V Y qa OST To 
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two different types of cells in surface view | narrow, li 
chlorophyll containing cells and (2) dead, ui er n 
with pores and spiral thickenings. Bm 


three regions viz. (1 
(one-cell thick in you 
cells thick in mature 


thin-walled hyaline, 
elongated ^ paren 
forming pith-like 


wedge-shaped struc 

and large, dead, hy 
nately arranged wit 
chlorophyll containin 


3. VEGETATIVE - 
STRUCTURES AND VEGE 
! pucrioN—Vegetative m 
Ao takes place hes 
aN i lateral branches a 
Fig.4.1—A portion of Sphagnum ent from the parent 


gametophore. 
ODUCTIVE STRUCTURES AND S 


TION—Sphagnum may be monoecious or dioecious. 
cious species sex organs are developed on err 
same plant body, they are borne normally on modiga 


4. SEXUAL REPR 


* 
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Antheridia—Antheridia occur in monoecious species on special 
branches resembling catkins, and in the axil of leaves, solitary, 
and long-stalked antheridium develops. Mature antheridium 
provided with a long stalk composed of 2-4 rows of cells and the 
body is bounded by a jacket of single layer of cells. The 
contains inside large number of sperm mother cells, each of 


` 


CHLOROPLAST 


Js 


Co CONTAINING 
5 CELLS 
C J HYALINE CELLS 


ae 
AN 


E 
=> 


SUARE 


Fig. 4.3—A portion of mature leaf of Sphagnum 


(as seen under microscope)” "ace view 


FI: 4.4—Longitud 
m inal sect 
single anthers 02 Of antheridi 
theridium (B) of Sphagnsanch (A) and a 
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which is metamorphosed into a sperm. Each sperm is spirally 
and biflagellate. Sperms are liberated outside F the rupti 
wall near the apex of antheridium. NIS 


Archegonia—Archegonia are borne at the apex 
archegonial branches. Archegonial leaves are g 
usually three archegonia are borne on each bra 
archegonium has a long stalk, a massive venter and v 
twisted neck. The neck and venter of the archegoni 
sharply delimited and the venter is more than one cell in t 
The neck contains 8-9 neck canal cells and the venter c 
ventral canal cell and an egg. " 


inal secti theridium — 
i — itudinal section of a mature an 
e: 45 AY of Sphagnum sp. B—Single sperm. 


, 


, FERTILIZATION— Fert 
d in the same manner as that ots 
water is necessary for the sperms to ri 
um. Finally the zygote 1s forme 


with egg nucleus. 


d structure 0 
B. Development MM sion P Gabe 


ium in a group 
aree rchegonia degenerate. The zygote en x 
a wall as usual. an ae 
——The zygote divides 
7 Par inem d ke place also e T 


equal cells. Further du cle Cap 


a oa i filament of 6-1 por region Er 
centra 
seta. develop 
divides into q 
pericli 


nal divisions take place, 
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and central endothecium are differentiated. Endothecium gives rise 
"qo a mass of central sterile tissue—the columella, while amphithecium 
again divides periclinally to cut off inner sporogenous tissue (arches- 
- porium) and an outer sterile jacket layer. 


(2) STRUCTURE OF MATURE SPOROPHYTE OR SPoROGONIUM—The 
ire sporophyte consists of a swollen i.e. bulbous foot or hausto- 
dum and a small spherical capsule ; the two being connected by a 
Wery short and narrow neck-like suppressed seta. The seta is not 


capable of elongating by growth. 


A 


Fig. 46— Longitudinal secti 
and an archegonium, er Spiogionia! branch (A) 
The capsule i š š 
with a central cabinet: ae ae (black or brown) and j i 
ade E Spores. Capsule 5, O Tarched by a dome. je, Provided 
' Een = which is "diferente peveraboell layers 4 $ the 
— qm. At the capsul : Into epidermis with functi eK — 
n Which is separated Pod there is a disc-shaped With functionless 


Mature capsule, au Performs the: 
c 


PUR like Struc 
oot of the sporophyte reca ed 
s 
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C. Dehiscence of Capsule and Spore dispersal. 
dehiscence of capsule takes place during sunny day 
of the capsule is dired up and shrivels and is replace 
in the columella region creates a pressure—as a 


j 3 ni 
i — Longitudinal section of a sporogo! à 
en potes plant body of Sphagnum sp ín 


-B—Spores. C— 
Fig. 4.8—Sphagnum ee ud SPactophore. 


wi dii 
During this ch 

re 
3 bly hurled 


herical. 
s more or less sphel 

Mir jn the capsule beneath d 
quently the operculum 1$ 
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of dry and coloured powdery spores to a height of several 


D. Formation of new Gametophyte—Spores under favourable 
lions germinate within a few days and give rise to filamentous 
mary protonemal structures. The filamentous protonema then gives 
to flat thallose secondary protonema with rhizoids which bears a 
‘bud (gametophore), this bud germinates into an adult Sphagnum 


E Life Cycle 


——»-Archegonium 


PHAGNUM PLANI-( — 
(Gametophore) >A 


ntheridium 


Y 
Sperm (n) Egg (m) 
NG 
AZ 
+ 


GAMETOPHYTE 
(N) 


SPOROPHYTE 
(2N) 


Y 
Zygote (2n) 


i Spore Mature Youn, 
} —mother<-——Sporophyte i.e. S saorcpinia ie. 
cell 2n)  sporogonium Qn) sporogonium (2n) 


,G. 
ih three classes of as it shows relationship 
dehiscence f Spi. Position and 
dor Ji n e those of hepatics, In the 
$ i and in the structure of Sporogonium, Tai Ous tissue 


affinity with Mus, 
oblique seta, in 
; in the mode of 


Eubrya)— 


Of this subclass are hi 
$ à fe highly develo; 
Bryidae is the largest ae ps a 


und i 
iex oj pproximately 6 


owing :— Membe 
Ves On gam (a) presence » v 
te lly b cell in thickness ; (c) "povided with a 
sue and columella deriv ge ith, three cutting Of the 
structure > qndothecium ; (e) pects i 
being iated i jte mature caps o" 
f characteristic peri me Several tica Pstle is 
p š and operculum in the tissues and 
Capsule of many 


etails refer article 1.5 
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42 POLYTRICHUM a 


Polytrichum belongs to the family Polytrichacea 
Polytrichales under the sub-class Bryidae of the class 


Habitat— Polytrichum is mainly confined to tem 
regions of the world. It grows during rainy season 
ground, near the bases of tree trunks and stony placi 
etc. forming a green carpet of vegetation. 


richum sp. 
B mino B—A leaf. C- 
i 111 spec 
contains about 
frigid temperate regions of the world. 


olytrichum | 
i ranges e.g., POY! ; 
P und io m, P. formosum and P. . juniperium. 


Polytrichum 
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A. Structure of the Gametophyte : 

1, EXTERNAL MORPHOLOGY— J : 

(a) The plant body consists of two portions viz. (1) the filamen- 
portion of temporary duration—the so-called protonema and 

the erect, vertical, leaf bearing persistent shoot—the adult moss 
or the gametophore. i ; is 

turity the gametophore is an indepen ent plant whic 

mn into u underground rhizome and little branched 
leafy stem which usually attains a height of 20 cm. 

(c) Leaves are small, lanceolate or linear in shape, brown or 

and are arranged spirally on angular stem. Each leaf has 
3 broad, membranous sheathing base and a broad midrib covered on 


surface by series of longitudinal chlorophyll containing cell 
codem as lamellae. 


Gametophore bears numerous rhizoids on the rhizome 


(a) 
mre Rhizoids are long, thick-walled and twisted forming a 
tangled mass. 


2. INTERNAL MonPHOLOGY— 
outline which shows beneath successively : 
(1) Two or three a of living cortical parenchyma, interrupted 
Opposite ee ridges by three sclerenchymatous h 
strands ; these strands grad d pal 


ually become narrow inwards formin 
A a 
ped mass of tissue known as radial strands. s 


3 adially elongated 1l š 
- this 1 A cells formin S 
“Sls of radial strands. ° not continuous but is Separated iy ore 


x isting of com 
“Sls containing here composed of very tici spam P3Ct Central mass of 


5 k-walled 
ere and there a little starch is lO ngated, livi 
wi z and > lVing 
very oblique Sontag the srereid cells, there are often $ known as Stereids. 
—these are called hy Ser empty 


droids. cells with 
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. (4) Sometimes a 3-lobed central cylinder surto 
interrupted pericycle composed of 2-3 layers of cells is presen! 


(b) Aerial leafy stem shows an irregular su 
of which lies (1) cortex—it consists of outer comp: 
elongated prosenchymatous cells and inner loosely arranged 
matous cells, leaf traces are also seen in the cortex ; (2) im 
lies a layer of non-continuous rudimentary pericycle ; K 
the pericycle there lies an irregular zone of sieve tube 
as leptom mantle ; inside leptom mantle, there lies 
amylon layer composed of one or two layers of dark 
cells containing starch; inside hydrom sheath th 
mantle composed of thin-walled empty cells. The ç 
is occupied by hydrom cylinder made of thick-walled 


CHLOROPHYLL CONTAINING CELLS 
( 


ERY E 
Ty Re 
CER, 
X 


"i 


3) towards the u 
cells from which aris 
ing cells—these cells re b 
are present on the upper surfa 
high and the terminal cell o 


3. VEGETATIVE vum 
ODUCTION— Vegeta 
Mevelopment of bud-like gem op 

formation of secondary prom v 
metophytic plant) which ban 
times protonema * ay devè p 
without the formation of spores. 

SEXUAL 


4. 
o ager develoved 


785 
BRYOPHYTA—BRYOPSIDA 


i ichaetial leaves) 
ircled by a kind of leaves (peric ) 
M encor at the apices of male an 
8 


female plants respectively. 


Antheridia— idia ari the apex of male shoot forming a 

ES F pene te: ne a The Bp yd 

formed by modificd rosette of leaves of the verre cea Bt ibe 
ea each perichaetial leaf, cluster of antheridia an am 


paraphyses idium i - d body 
i ture antheridium is a club-shape t 
with a Bu pile nde eed jacket wall surrounding a 


central mass ther cells (androcytes) ; antheridium opens 

capp mass of androcytes then liberates to the 

Eu medium of water, each of which ie. androcyte is 
metamorphosed into a biflagellate sperm. 

f Archegonia—Archegonia are also borne in a cluster at the apex 

of female n. wm E surrounded by paraphyses and perichaetial 

Mature archegonium is distinctly short stalked, flask-shaped 

. much more longer neck and a venter. Neck consists of 

cells and variable number of neck canal cells ; venter contains a 
ventral canal cell and an €gg or oosphere 


x FERTILIZATION—Fertilization is helped by means of water 
- Sod connecting film of water i 


i eaking down of the neck 
Canal cells and the ventral canal cell. 


Finally one sperm fuses with the egg or oosphere re: 
formation of zygote or oospore ; Cospore finally 
embryo and then to mature sporogo 

B. Development and structure 


of the Sporophyte 
L 


DEVELOPMENT :— The development of the Sporo 
nium of Polytrichum starts with the en] 


Sulting in the 


develops into an 
nium or sporophyte. 


As the sporo oniu 
om the Oospore, the venter and Stalk of th qe 
Out to form a calyptra or Cap covering the capsu 
by transverse wall into epi 
cells which by further di 


two cuttin faces. Th 
. Cell of oos t 


TSE portion of se 

Small por 
Sporogenous tissue and colume 
While amphitheci 


lla develo fr 
Cium gives rise to c, P 


om Š 
apsule jacket, the eEndothecium 


2. STRUCTURE — ature sporophyt ; 
Soot, a long seta and an pote consists of 
walled paren, aed Rf capsule, 


a sho; onica] 
Sot is com Osed i 
yma cells and js attached at the iene 
a 
i PeX of th 
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branch. Just above the foot and continuous with it there i 


slender structure called seta which bears the capsule at i 
es at the base of the capsule forming thea 


gradually enlarg 
ff from the sporogenous tissue region of | 


which is marked o 
by a constriction. 


Uu 


LUTTE] 


i 


SA 2 
SY 


Ji PEERS 


YN 


CAI 


— Entire capsule. š 
Same in transverse 


Fig. s ngitudinal section. 


transverse ction. Ainai Pig, 4.12 

calypirā: y capsule shows the following str 
Q ea ophyll con 

aide whi fi an epiderm! 
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i wall and encircling the spore 
: E “A NL can cotce lacuna ; air space is traversed 
€ of ioseetel containing cells in a radial direction. 
E c—]t is a sac-like structure containing spores. Spore 
e ended n the outside and inside by two layers of thin- 
me ach side. Hereall cells of the sporogenous tissue 
z p - After the inner wall of the spore sac, there is 
EN e uu (inner lacuna) which is also traversed by filaments 
of green Gulls connecting the spore sac with the columella. 


(d) Columella—tt is a centrally situated sterile zone of paren- 
cells, 


= The apical portion of the capsule shows the following structures : 


—]t is a conical lid-like structure with a beak or 
ee coim covers the apical portion of the capsule. 


i It is a transverse band of thin membranous 
: Pad Be orca cells without intercellular spaces ; 
Í is situated at the base of the operculum but over the 
_ capsule opening just like a drum-head (tympanum). 
(c) Diaphragm or Rim—TIt is Present in the form of a thickened 
i structure near the constricted portion and it connects the 
- Capsule with the operculum ; a distinct annulus is not pre 


sent. 
- 4, (d) Peristome teeth—These are curved, teeth-like, thickened 
f s cells situated just above the diaphragm. The ends of the 
teeth are directed upwards and joined at the base. The number of 
ome teeth is 64. At maturity the peristome teeth are connected 
um with the capsule wall and united above with the margin ofthe 
*piphragm by their tips. 


At the base of the capsule, 


the seta is much broad and i 
as apophysis. Apophysis is provided with w od 


: g the 
fina » Crying out and consequ ivelli 
m cells take place—asa result the lid m TUA 4 
dryin : € peristome teeth takes 
pos are foamed In the Margin of the 
3 I res are li i 
-as the capsule sways by the vel rind coer echt "an 


a filamentous L 
, ‘Rema apparent leafy moss Plant i.e Protonemata ; fro 


; m each pr t 

* gametophore com m 
. . E. Salient fea inati i < 
m fures: (a) Combination of highly developed gai 


m 

lex type of ti i d: 

muc tissue differentiation exists both in gam 
Serr sporogonium 

0t sporogenous tissue, shows a complex structure due 


etophyte and 


etoph; tic and 


to much more 
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(d) Elaborate and i 
complicated m i 

le) S echanism for the di á 
( ‘4 Fide though morphologically alike, are e ce pé i 
ET. hotosynthetic tissue is well or i - 

phytic plant bodies. ganised both in gametophytic as 

F. Life cycle 

ka š —Female Pol 


—Male Polytrichum 
plant 
(Gametophore) 


GAMETO EEE Antheridial cup 


Bud Bud Antheridium (n) 


T 

Filamentous Filamentous 

protonema protonema 
+ + 


seosoosesosossoseseceeesontton 


on 
germination M 
r 
Spore (n) Spore (n) SPOROPHYTE 
I |——Spore<-——M: ture<—Y' 
Spore«-—— por " 
ALES CUR d (n) S | mother cell (27) BS 


4.8 FUNARIA 
Funaria belongs 


under the sub-class 
Habitat—Funaria with about 11 
and world wide in distribution. 
dense patches on sem 


in the temperate regions of hills. 
in India, of whi 
common one. 
A. Structure of the Gametophyte -— 
EXTERNAL MORPHOLOGY 
The ametopbyte show: 
eg. (1) 8 prostrate erro epe st the 
the upright, ea y persis : 
« hi Es i.e ametophyte is 


an 
b) The erect gam 
and consists of a slender, erect, 
(c) The stem is branch 

w a leaf i.e, branches a 


o distinct stages of 


1. 
s tw 
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e 
leaves are mor 
idrib. Near the apex of s> stem, 
rrr ed ee distinct rows. ae 
= TE "° Iiesllulae r ree E ees Thbokds ulti- 
^A. on — ender, multicellülar Ee " mt 

Bet RM cour and strand-like at 

e bro 

mately becom 


SPOROGONIUM. 


1 — CENTRAL 
X Xe» STRAND 
A 


H1ZOID 
£ B 


trica. Fig. 4.14— Funaria A 
Pata atopiaa a gromerri and female A—Stem in t. s B=- E 
branches ; female branch bearing a 


g 
i TOgonium. 
"8- Sinple kat emcee 


2. INrERNAL MORPHOLOGY 


Tger cells either Containing 
oun Part of the st. i 

older Part) ; in erate Stem, the outer cells 
Teddish-bro 


af traces 
4 the epidermis—it is the Outermost layer, 
One-cell in thic Ress, Composed of thick-walled cells con. 
chloroplasts, í 

(6) 


in transverse Section shows a well deve] 
lamina or Midrib i i thea 


is Several-ce]]s In thickn 
Sentral strand 9f narrow thick-walled c Ils 
Polygonal 


Ped midrib and 
» One-cell in thickness and 


S, it has a small 
o : 


- Cells amina are 
: Chloroplast bearing, 

growth of the Stem takes Place b th 

(tetrahedral ) apical cell with three cutting f m Ne 
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3. VEGETATIVE REPRODUCTIVE STRUCTURES AND VE 
REPRODUCTION— Vegetative reproduction takes place 
formation of secondary protonema developing on rhiz 
leaves and (b) by branching, branches are cut off fi 
plant by decay. 


4. SEXUAL REPRODUCTIVE STRUCTURES AND SEXUAL 
TION— Funaria is monoecious but sex organs i.e. an 
archegonia are borne on separate shoots of the same plant 
The main shoot of the gametophyte bears a cluster c 
at the apex and acts as a male branch. The female branch. 
later as a lateral shoot from the base of'the male branc 
branch grows vigorously and becomes longer than nm 


male branch. 


d with 
liberat 


v. dui 
.—Antheridia are pro 
A eee number of 


tips of 


Antheridia 


intermingled wit 
raphyses, the 


; the f eri 
structure Within the jacket tes 


CoU androcytes i. e sperm 
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antheridium comes in contact with water, the apical i.e. opercular 
cell bursts and the mass of androcytes is liberated steadily through 
the perforated opercular cell. When the mass of androcytes reaches 
the water surface, each androcyte is then metamorphosed intoa 

biflagellate sperm or antherozoid. 


Archegonia—Archegonia are also produced in clusters at the 
apex of female shoot. Archegonia are surrounded at the apex by 
numerous ordinary foliage-like leaves, known as perichaetial leaves ; 
peraphyses are also present among the archegonia but no perichae- 


ARCHEGONIA | 


PEFD 


4 . of the a; 
& archegonia, B—Nearly mature arola female branch 


FERTILIZATION—L} 

ike that of Polytri 
t 

Structure and Development Ytrichum (refer arti 


cle 4:2) 
of the § š 
1. DEVELOPMENT— A fter 


Secretes a wal fertilizati 
divides l and gradually increases’ int” OOSpore ie 


cell. E to an upper epi on ian 
tise yes e aid rise to Pibasal cellanda lower ne ZyBote 


porophyte 


T. : low 

DR Capsule wh er hypob 

then the cells of at, Cell divides fer PP obasal cell gives 
E rte S 


nally forming 


792 STUDIES IN BOTANY 


an outer amphithecium and an inner endothecium. 
again divides into two regions e.g., outer and inner ; 
lops from the inner endothecium while sporogenous 
from the outer endothecium. EL a 


2. STRUCTURE—A mature sporogonium i.e. spo ophyte 
poorly developed, small, dagger-like conical foot embe ide 
apex of the female branch; a long, slender, more or es 
seta and a pear-shaped, bent and asymmetrical capsul i 

Accompanying the growth of the young sporophyte, the 
the archegonial ventral wall undergo further development t À 
protective covering called calyptra. Hs 


~ OPERCULUM 


DIAPHRAGM 
OUTER 


PERISTOME 
TEETH 
DIAPHRÁGM 


COLUMELLA 


SPOROGENOUS 
TISSUE IN SPORE 
SAC 


AIR SPACE 
STOMA 


NUN APOPHYSIS 


A 


i . A—Mature ca sule showin i 
P S Funaria here al of: operculum. s L s. of mt 5: 
The capsule in longitudinal acne d ud 
(a) apophysis, (b) the Tere bcr i i ur 
:on—the operculum an y 
ners of x” pope's is known as apophys 
the neck—it bears Mea 
with the seta below. e 


sed o 
compact and forms the ep 
except near the regio 


jy. Internal ! 
regina tissue containing à 


the photosynthetic tissue. 
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Aem ; d 

-sac, there is a large cylindrical cavity, traverse 
có uM ai donsated green parenchyma cells, i 
eem In the centre of the capsule, there lies a mass o em m 
thin-walled parenchyma cells—these cells constitute the colume a 
The columella is bent, itis surrounded externally by a sporogenou 
tissue which later become a spore-sac—the spore-sac contains numer- 
ous spore mother cells from which spores are formed by meiosis. 


re of the capsule apex is very complicated. The apex 
Men nella je extended within this part but the cells 
are larger here. At the junction of the capsule proper and the 
| part, there is a notch—at this notch there is an angular rim or 
odd of small cells. Above the diaphragm, there is another 
ring of slightly extended cells, called annulus. There are two sets of 
Peristome teeth e.g., outer set or circle consisting of 16 large and 
thicker peristome teeth and inner set consisting of 16 smaller and 
peristome teeth ; the outer peristome is superposed upon the 
inner set—this whole structure constitutes the peristome proper. The 
outermost cells of thecapsule apex constitute a dome-shaped lid, 
called operculum which encloses the teeth within. 


C. Dehiscence of Capsule and Spore dispersal—At maturity, the 
capsule begins to dry up, as a result the cells 


Spores to escape gradually, a few at me: Owing the 
Outer peristome teeth bend veni, I, Presence o 


ing the escape 
D. Formation of new d. 


Gametophyte. . i 
gametophyte. Spores are small, more or urit ` i Cy e 
d dito Spore germinates Within a af 


few days fi : " 

OPS a protonema Composed of two distin) after liberation 

and irregularly branched chloronema ini area parts e.g. sparsely 
branched caulonema, On the branches of ca y and regular] 
Sametophores are formed, 


ulonema, buds Producing 
E- Salient feature; ; (1) Gametophores 
tiated into axis 
(2) Branchi 
(3 Ves a 


are monoecioy: 


S but autoi 
and leavos, us 


ous, differen. 


thout peric i I Ounded by Derichae; 
Present in bonum. P hyses vr ilum 
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(5) Sporophyte is differentiated into a 
reddish-brown, often twised seta 
asymmetrical, bent, bright- rolon 
of the capsule without 
rings. Like Polytrichum, thes stru 
is much more complex due to 
sporogenous tissue. 

(6) Presence of complica'ed mechanism fi 
spores. 

(7) Like Polytrichum, photosynthetic tissue 
both in gametophytes and sporophy 


F. Life cycle : 
| -»Funaria plant (gametopbyte).—— — 3 


Protonema with buds GAMETOPHYTE (N) 


Protonema 
^ 


| M 
Spore (m) — Ë spOROPHYTE CN) 


o Young | 
om e mother „ Mature 
SPOT |S [7 celi)" sporophyte (2n)* sporophyte 
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SELECTED QUESTIONS ON BRYOPHYTA 


L. Giwea general account of the division Bryophyta with special reference to 
the classification of the division. 
Refer articles 1.1, 1.4 and 1.5 gt 
2. Describe with sketches the life history of Riccia. 
Refer article 2.1 ' r 
3. Describe with sketches the - history cf SEN Tee rica en Po 
I mode developmen its sporo 5 
Seon M as the Make ME Orophiytes 1 
Refer articles 2.1 and 5.2 (conclusions) 
4, Describe the life history of Marchantia. 
$. Compare and contrast the life history of Riccia with that of Marchantia 
bringing out those features which are of evolutionary significance. 
Refer articles 5.1 and 5.2 


6. Describe with sketches the life history of Anthoceros and indicate its 
evolutionary importance. ç 


Refer article 3.1 
7. Give an account of Anthoceros and discuss its affinities. 
Refer article 3.1 


8. Compare the life cycle of Marchantia with those of Anthoceros. 
Refer articles 2.2 (Life cycle) and 3.1 (Life cycle), 
9. With oe the thalli of Riccia, Marchantia and Anthoceros. 
10, Describe with neat sketches the 
A E derioped iu tere, X Anthoceros and state why 
" Refer articles 3.1, B and 5.2 (conclusions), 
t | m - pem features of the ‘Vegetative and reproductive 
Refer article 3,1 
12. Describe the life history of Sphagnum. 
x Refer article 4.1 
13. What is meant by alternation of i 
to the life hit Benerations ? Explain it with 
° ory of Polytrichum, How are the spores dispersed in iS 
a Refer articles 1.4 and 4,2 y 
Describe with i 
; Esas the life history of Polytrichum. 
Give a comparative accouni 


_ Anthoceros and Polytrichum t Qf the ca 
D « "Coi 
article 5.2 ME 


Pa 


Psular Structur, 

on their mode ot spore dicant, 
f in the a etches the j ! 

SI vdth sketches the internal structuri 


Sm of its sporc di E. Of the capsule of 
Refer articles 4.2 of 4.3, BQ) ande tal 2m ens 


Tee the sporangia į 

led d Bia in Polytri 
are liberated from se stes, Compare the metto Anthoceros 
articles 42 B(2), c and 3.1 B(2), c respectively ich the 


20. 


21. 


22. 


23. 


24. 


25. 


STUDIES IN BOTANY 


Describe the sporophytes of Marchantia, Anthoceros | 
Refer article 5.2 pmi 
Give a comparative account of th à 
you have studied and point out the line of ac 

Refer article 5.2 : 
Compare the sporophytes of Riccia, Marchantia an 

one is the most advanced in your opinion End ji 
Refer article 5.2 x 


Give a comparative account of th gametophytic 
Marchantia and Anthoceros. Which one is the 


opinion and why ? 

Refer article 5.1 

Discuss briefly the different forms of life cycle in 
their evolutionary significance. I 
Refer article 1.4 NEN 
Give a general account of the distribution of photo 
members of Bryophyta you have studied. 
Refer article 1.8 : AS 
Give a general account of the various methods of 
Bryophyta. ; f. 
Refer article 1.7 . 
Write notes on : 


(a) 
(6) 
(o) 
(d) 
(e) 
(f) 
(g) 
(h) 
(i) 


22 
old! 


aniso 
bo 


Asaeoqt 


bos om & 


19500 


adi dold 


Alternation of generations—Refer article 1.4 
Elaters—Refer article 2.2 B(2) 
Columella—Refer article 3.1 B(2) 

Thallus of Marchantia—Refer article 22 
Peristome of a moss— Refer article 4.2, B2) 


Gemma cup —Refer article 2.2 1 


Foot of sporogonium—Refer article 4.2, B 


Am phithecium—Refer article 2.1, B a) ? 
Elaters and pseudo-elaters—Refer articles 22, B 


——Vy 
—— aT w n 
kak kama 


CHAPTER I Introduction 


ning of mature sex Organs a 
tion Mei in both the cases in presen 


isti i f tw `° Bametophytic and 
3 e Ee ot o£ A following one another is Present in 
life hist es and Pteridophytes, 


Spores from Spore mother Cells 
TOM sporogenous tissue) in both the cases are the same, 
B. Differences from Bryophyta ; 
1. In Bryophyta, the Sporophytes are leafless and dependent on 
gametophytes for Supply of Water and liquid food as absorbin 
like roots, thizoids etc, are absent in 
issue differentias; 


2. Plant body Tepresents game 
no tiss 
no. 1,€ ). 


ue differentiation 


tophytic generation which shows 
( For Pteridophyta 


refer Point 
c. Characters of Pteridophy ta resembling Spermato hyta 
(Gymnosperms), id 
l. In their external 
into Toot, stem 


morpholo > ie. lants 
and leaves PI y š 


ju are differentiate a 
ç o Te Tesents 

] 48 regular alternation Of the sporophyin = 

Senerations, 
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2. In both, sporoph i l 
ytes are independent at i i 

than the gametophytes. Gametophytes are pe E 
reduced and developed within the spore wall. v 
3. In the structure of vascular ti phil 

[ issues (xylem and phlo 

Xylem in boththe groups consists of foris | and xylem 
chyma only with no trachea ; the phloem is without companion ce 


à 4. 3 Leaves are large and compound (Cycas and true fei 
is circinate. In having mesarch or concentric vascular b 
leaves. 
5. In being heterosporous condition, and in the 2 
sporangia in sori ( as in true ferns and Cycas). 
6. In having ciliated sperms (Cycas, Ginkgo). 
ie the retention of the megaspore within the megaspor 
gium ; in gymnosperms it is a permanent feature and hence seed 
formed. In pteridophytes e.g. Selaginella megaspore is reta 
within the megasporangium in the early stages only, L 
not developed. ; 4 
8. Inthe development of the embryo and the formati 
suspensor e.g. Selaginella. 
D. Characteristic features of Pteridophyta : 


I. The plant body represents the sporophyte and 
history, both the sporophytic and gametophytic generations 
pendent of each other. In bryophytes, sporophytes are n! 
dependent on gametophytes a er her. que n 
absorbing organs like roots, rhizoids etc.—bu c 
serophytes are nutritionally independent of the gametophyte, 
fora short embryonic period. d i 

2. Plant bodies are provided 
(exceptions: fossil Pteridophyta and 
Stems and roots have apical growth. Roots : 
nent growing point and can grow in length in 

f pia a 

3. Reduction of photosynthetic tissue i.e. 
cells remain mainly within the Jeayes hoe 
restricted to leaves which are provided w 
and chlorophyll bearing cells. 7 

4, Sporophytes show we F^ 

d leaves are traversed by vascu dede 
aire and phloem—hence pteridophytes , 
vascular cryptogams. 


5. The porot 
generations. i iog one kin 
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inati ile macros 
rOSpo ination produce male gametophytes whi 
M P inan give rise to female gametophytes— 
bence heterosporous 'pteridophytes always produce dioecious or 
heterothallic gametophytes. 


€ produced within sporangia—in homosporous types 

ro aed “of e kind as spores are alike, but in heterosporous 
types sporangia are of two kinds viz. microsporangia (microspore 
containing sacs) and macro- or megasporangia (macro- or megaspore 
containing sacs). Sporangia bearing leaves are called sporophylls—in 
heterosporous pteridophytes sporophylls are also of two types viz., 
microsporophylls (microsporangia bearing leaves) and macro- or mega- 
sm a (megasporangia bearing leaves). Sporophylls in many cases 

© not differ from the mature foliage leaves and are loosely arranged 
(some species of Lycopodium, ordinary ferns like Polypodium etc.) ; in 


other cases sporophylls are specialised and localisedto form a compact 
Structure known as strobilus (plural : strobili) or cone. 


7. Stem and roots of the plant body i.e., sporophyte are pro- 
vided with stele—a central vascular cylinder of conducting system. 

For different types of steles in pterido 
refer Plant Anatomy portion, Chapter 5, article 6.9, page 302. 


* Life Cycle—In the life history of the 
Typical heteromorphic alte 


phytes and their evolution 


gametophytic 
other in 
porophyte to gametophyte and g x 


According to Smi 3 
een classified as follow xad Pteridophyta ; e, 
. Division I. Psiloph. 
Branches only or both) to. Sporophyte is Tootle 
singly at the tips ot brancranches and leaves. Spore” 


š Pteridophytes have 


DSists of 
are borne 
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Crass I. PSILOPHYTINAE— 


Order 1. Psilophytales, it contai E 
$ . ont: HH ^ F 
fossils, known from Lower and Upper DEREN All ger 
Order 2. i : EU j 
PE Psilotales, it contains single family Psi 


Division II. Lepidophyta—S is di 1 
; porophyte is d i 
stem and leaves. Leaves are spirally riu i 
on the adaxial region of leaves near the base. e 
CLASS I. LYCOPODINAE— 


Order 1. Lycopodiales, it contains 2 families viz., 
dendraceae (includes fossil genera, e.g. Protolepidod 
one (includes living genera e.g. Lycopodium, Ph, 
etc.). 
Order 2. Selaginellales, it contains 2 families viz. 1. Se 
(contains only one living genus Selaginella) and 2. 
(containing only fossil genus Miadesmia). 

Order 3. Lepidodendrales, it contains 4 families viz, I. epido 
draceae — (Lepidodendron), 2. Lepidocarpaceae ey 
3. Bothrodendraceae (Bothrodendron) and 4. Sigillariaceae | 
all are extinct i.e. fossils, known from Upper Devonian. — 

Order 4. Isoetales, it contains 2 families viz., 1. Pleuro 
(contains fossil member e.g, Pleuromeia) and 2. Isoeti 


Isoetes). Ri 
Division III. Calamophyta—Sporophyte is differentiated 

stem and leaves ; leaves are arranged in whorls. Spo ; 

on sporangiophores. a 


Crass I. EQUISETINAE 7 P s 
Order 1. Hyeniales, consisting of single family Hyen "s 
Hyenia, Calamophyton (fossils). $ zed y 
Order 2. Sphenophyllales, it contains single family 9p^e* 
ceae only, e.g. Sphenophyllum (fossil). 
containing 2 


; isetales, 
Order 3. Equise g., Equisetites (fossil) and 


families viz, 1. © 
Equisetum 


and 2. Equisetaceae €. a 
NET ted it 

ivisi P hyta—Sporophyte 1s differentiated. 1 

Dine en ad spirally arranged. pora 


stem and leaves, f the leaf. 


on the margin of adaxial face o 
Class 1. FILICINAE— ' - aid 2 
et ngia are borne 
ee Spo mod than one-cell ell | 


1 protopteridales—It includes tn Oe 
pteridaceac (Protopteri age Aneurophy yon 
ceac (Cladoxylon)—all are fossils. 


{ 
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Order 2, Coenopteridales—It includes three families viz., (1) Zygo- à 
Pteridaceac (Zygopteris), (2) Botryopteridaceae (Botryo pteris) and 
(3) Anachoropteridaceae (Anachoropteris and Gyropteris). 


Order 3. Archaeopteridales—contains one family Archaeopteri- 
daceae, e.g. Archaeo pteris (Fossil). 


Subclass II. Eusporengiatae—Sporangia are borne on an out- 
growth known as spike, sporangia in sori, formed at the abaxial ' 
surface of leaf, spores many in a sporangium ; jacket of sporangium 
is more than one-cell layer thick; known from Carboniferous to ` 
present day. 

Order 1. Ophioglossales, contains single family Ophioglossaceae, 
e.g. Ophioglossum. 

Order 2. Marattiales, 
Marattia. 


Subclass III. Leptosporangiatae—Sporangi i i 
i r gia are in sori and 
borne marginally or abaxially on leaf blade. Spores are few ia 
sporangium ; jacket of sporangium is one-cell in thickness. 
Order 1. Filicales—This order consists of 10 famili inni 
0 3 amilies, b 
E gode unt ending in Parkeriaceae ; Saer are i 
, e i ;. 
Peles mans eee enia, Matonia, Hymenophyllum, Dryopteris, 
Order 2. Marsileales—Single family, 


m ad 3. Salviniales—Single family 


Eames (1936), Tippo (1942) and placed all the v, 
Others pl 
yi Š he llt ascular plants (Pterido- 


contains single family Marattiaceae, e.g. - 


Marsileaceae ; e.g. Marsilea. 
Salviniaceae ; e.g. Salvinia, 


), Microphyll, yptogams into 
iar Pteropsida of Eames and Tipper "Pea. (= Filicinael—he baa ats ; 


orders, grouped into f, SISBm assifi i : 

Etui iona saa Qos ya ion dn dt 

( "end a (order Calamopsi da ophyta (o ing 2 
a and Primoñilicopsiday, ^ SIODSid Š 
. Origin of Puteri 

of teridophyta _ ° 

4 à) peidophyta, there are twee) Regarding the phyl J 

(5) bryophytic origin . €ories such Y'ogenetic origi 

oe Origin ; the former ca as (a) algal onic; Origin 
hi . 7 Postulates direct orig Origin and 

T - Origin from Algae : 
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the latter is based o : 
l n the considerati 
pteridophytes and both are related MA. one E 


Church (1919), Arnold (1947) and origin 
m , others postulate t 
pteridophyta took place form some Eos diens aka bA 
levels _of sea shore and gradually transmigrating from sea—such 
evolution was presumed either from Phaeophyta (brown algae) OF 


from Chlorophyta (green algae). 
Bryophytic origin of pteridophytes is supported by 
workers like Bower (1935), Lignier (1903), Zimmern (1930, 38) 
Campbell (1895, '99, 1924) and others. Bryophytes and pteridophytes, 
in many respects have common features, so it is not at all improbable 
that there might be phylogenetic connection and relationship between 
them. Bryophytic relationship of pteridophytes is based on 
following common morphological and biological similarities existing 


between the two groups— 
(a) General similarity in the vegetative gametophytic strum 
of thallose bryophytes (Riccia, Marchantia, Anthoceros etc.) 80 


pteridophytes (i.e. prothallus of ferns, Equisetum etc.). Ç 
structure and development of sex 


(b) Similarity in the mature 
hegonia of both bryophytes and 


organs, particularly those of arc 
pteridophytes. ; 
(c) Encasing of the embryo in the venter of the archegonitt 
and partial parasitism of the young or mature sporophyte upon 
gametophyte in both bryophytes and pteridophytes: . M 
(d) Presence of heteromorphic life cycle in which there S 
alternation of two vegetatively unlike generations. —— - 
Bower, Lignier and Zimmermann believed that bg is pu op ; 
connection between bryophytes and pteridophytes, on Ap 
from very primitive archegoniatae type of peret "hat pterido- 
in two divergent evo Campbell advoci t^ p pryophyte 


lutionary lines. Mime 
hytes had direct origin from and Dre anh ocerofean 


P y : "n . 
bell's idea of direct origin of pterido ; 2) 
peg f from Anthoceros is based on the following facts : ^ $ 
wth of the sporophyte together w! aly 


The indefinite gro ñ 
Na M photosynthetic tissue of Anthoceros makes the 
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the nearest ch to the entirely independent sporophyte of 
| pteridophytes (feras). 


—. (5) The sporophyte of Anthoceros is capable of independent 
existence by virtue of bulbous foot—if it is allowed to grow on earth, 


it can live and can produce leaves and roots even showin thereby the 
independent existence of growth and life. p 


(c) The rootless, leafless and dichotomously branched shoot of 
Piped: a Primitive group of pteridophytes) bears strong testimony 
to tean origin of Pteridophyta. 
(d) If the meristematic region of an 
shifted from b 


CHAPTER II Psilophyta 


The division Psilophyta includes both fossil and living m 
phytes, | The sporophytes of Psilophyta are rootless, and ie 
into rhizoid-bearing subterranean portion and erect aerial 
aerial portion is either sparingly or profusely branched w 
of stele i.e., vascular strand. In most cases, aerial branches are 
members aerial branches are beset with small, simple veinless le 
are generally terminal, rarely lateral and borne singly at the tip 
sometimes they occur in pairs or in groups on the stem. dit 
only one class, the Ps /ophytinae. The class Psilophytinae includes t 
(1) Psilophytales comprising all fossil members and (2) Psilotales, 
only two living members e.g., Psilotum and Tmesipteris. 


Order Psilophyt 
under this order are fossils, 
the genera under this or 
extinct during the Upp 
they were the oldest k 
land plants of Upper Silu: 
and Middle Devonian. $ 
Psilophytales were 
mously branched and dil 
a subterranean and an 
A pee bk 
small leaves. 
singly or less frequently in 
the tips of branches. : 
This order has been 
Arnold (1947) and Smith 
five families e.g. Rhyniaceae, 
taceae, Pseudos) 
phyllaceae and Asteroxy!a 


2.1 RHYNIA 


reese family Rh 
under the family 
the order Psilophytales- 
genus is known ony 
single Middle Devoni 
in Scotland. Uptil 
well-defined species 
gwynne-vaug ani an 
have been TI 
back by Kidston and 


major. A—Sporophyte A. Straeimre 
—Sporangium in l. s. : i 
(plant body). Dn: ri rhizome j ane rnal mor, 
spo re-tetrads ; 0w—outer wal; f ae 8 
4p—Spore"y "inner wall. plant body consis, 


hizomatous subterranean 
1 leafless cylindrical ahoo 
abruptly upward growth o : 


O. 
7 aked, dic o 


gradually . 


horizontal, 
erect aeria 
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beigh f R. gwynne- 
in diameter but those o ine 
Aib m coy thee 3 mm. in ell n 
i e Root stems oval or nent Sad s 
Stake pa cack matous protuberances. eran cae 
on esia je situated at the base, rae vada re ios 
ces, € into lateral branches which w Seer ae 

MES dios nU be looked upon as a possible mea 


tive reproduction. 


he subterranean and 

Anatomy) —Both t Š e 

ai ` saq waku internally isa aad rss 
rotostele with a cylindr 

Stele. The stele was p 


I5; c—outer cortex 


? S—stoma ; 
Ph—phloem j 


contained annular 
and it consisted 
The Cortex was thi 


hick ; the epi. 
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C. The Gametophyte—Although the gametophytes are n 
among the members of Psilophytales alleen ecent w( 
Suggested the presence of gametophytes. Acco; 
the gametophyte is a multicellular structure formed 
germ tube (derived from the germination of a few ` 
to Merker (1959,’61), some of the rhizomatous 
the persistent gametophytes of Rhynia. Pant (196 
Rhynia had a homologous gametophyte, according 
the plants described as sporophytes may be ga 
major alone is a sporophyte and R. gwynne-vaughai 
phyte like that of Psilotum. 


2.2 PSILOPHYTON 


Psilophyton is placed under the family Psil 
order Psilophytales. This type genus Psilophyton 
Lower Devonian deposits at various regions in 
Western hemispheres. Psilophyton princeps, a reco: 


—Entire sp 

rinceps, A—Entite 8I 

Fig. 23 e e T2 Eee 
D—Tip of a branch S10 e gia. 
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i : i ber was gregaris 
discovered by Dawson in 1858. This mem 
t aad it probably grew in swampy grounds. 


A. Structure of the Sporophyte— 


rphology—The sporophyte was differentiated into 

Mos MD ua branched stem anda rootless m 
rhizome with numerous rhizoids. The tips of the aeria 

were circinate ; the aerial stems bore short (0.3 to 2.0 mm. 

long) curved, spine-like projections on their lower parts. These spines 

were flattened in the vertical plane and without any vascular supply 
and stomata, hence these structures were emergences and not leaves. 


2. Internal morphology—Though the internal structure of the 
stem was not clear but in general it resembled Rhynia. The central 
fegion of the stem was occupied by a xylem cylinder composed of 
angular tracheids. Stele was protostele. External to stele was 

composed of outer thick-walled and inner thin-walled paren- 
chymatous cells ; stomata were present in the epidermal cells. 


B. Reproductive structures— Asexual reproductive structures i.e, 
sporangia were borne in pairs (this is due to forking of the branch 
a. the sporangial region) suspended from the tips of branches. 

gia were more or less broader than the subtending branches— 

were obovoid, proportionately large (4.0 to 6.5 mm. long and 

10 to 1.5 mm. in diameter) and with a bluntoran acute apex. The 
Sporangial jacket was several cells in thickness. Sporangium 
Contained inside spores of so this should 


not be considered as the case of incipient heterospory (Lang, 1931). 


Order Psilotales—The members of this i 
1 order have rootless, dic 
branched Sporophytes which are gene ; penned 
iads or triads, either directly upon th e = ihe Es ol been 
, € stem or at t 
Gametophytes are subterranean and cylindrical. ‘hai tela — 


oth the genera a 


gs ly Psilotaceae, Te placed by 
23 PSILOTUM 
Psilotum belongs to the famil 
par the Sv Psilophytinae or die dlotscens ofthe order Psilotales 


Habitat. Psilotu 
trum im with two species e, e 
ns ot t accidium is widely distributed in trou” (Syn. p. 
€mispheres, Opical and 


trique- 
e he plant is Xerophytic in 


Subtropical 
nature but 
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grows in various habj very dry to mo 

g nabitats from ver i 
found to grow in India and hence it fs the on I n di 
nd i 


; c 
Fig. 2.4—Psilotum nudum.  A—Sporophyte (plant body). B—A 
bearing sporangia (sp). C—A posespl be leafy 
dages (/a). D—Sporangia showing dehiscence. E R 
structure in t. s. F--Single spore. rh—rhizome. 
Habit—Psilotum is a slender often densely tufted sh 
20 to 100 cm. in height. Both the species are gene 
habit and grow upon tree ferns and palms, but they 
terrestrially ín soil or in the crevices of rocks. 
A. Structure of the Sporophyte 
1. EXTERNAL MORPHOLOGY OF THE VEGETATIVE ORG 
(a) The sporophyte i.e., plant body is differentiated i 
rootless subterranean rhizome and an aerial shoot. 


b) The rhizome contains a mycorrhizal fungus and 
with ) air-like absorbing structures called rhizoids. 


ches dichotomously, the tip of any branch i.e. 
sere erect and develop into a green aerial ‘I 
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1 shoots are either pendent (in case of epiphytic con- 
do) eee (ia case of terrestrial condition). The branching of 
serial t is strictly dichotomous. The basal part of the stem is 
oa but the distal green portion may be longitudinally ribbed 
(P. nudum) or may be flattened (P. Slaccidium). 


(d) The aerial branches i.e. stems bear on the upper part small, 
seale-like appendages i.e. ‘leaves’ arranged irregularly, or more or 
less definitely in 2 or 3 rows. Aerial branches are green and perennial, 

_ they serve as photosynthetic organs. 


L 
; The growth of the rhizome and 
i 


aerial branches takes place by 
the activity of a single, large and we 
cutting faces. 


dge-shaped apical cell with three 


j 2. INTERNAL MORPHOLOGY— 


(D The epidermis of aerial branches is one-cellin thickness with 
vily cutinised outer walls — the epidermis is interrupted by 


stomata, chiefly in the Brooves between the longitudinal ridges. 


Epidermis of rhizome is indis- 
- eC ot a waled—onter cells 
without cuticle ; stomata 
absent. i» 


(i) Cortex of aerial branches 


Massive and is differentiated 
into three regions eg., (1) hypo. 
dermal outer cortex, 2-5 layered, 
composed of chlorenchymatous 


Spaces ; 
Zone lies 
Ortex and 
8 of verti. 
Lg ous 

intercellular 
Spaces—and (3) inner cortex lying 
internal to middle Cortex—this 
zone Composed o i 


abundant starch pri. containine 
internally delimited by an 
arene With distinct Caspa. 


me, cortex ; 
- Posed of on] i Is com- p 
. chymatous aa aed 
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xylem rays ; the xylem in exarch. Phloem lies between s 


(b) ‘The ‘leaf’ has singl i is Wi 
) gle-layered epide to 
interior of leaf is composed of parenchyme edie ho 


3. VEGETATIVE REPRODUCTION—In Psi 
— silotum, v ver 
tion takes place by the formation of gemmae, "a 
and in large numbers on the rhizomes. These gem 
oval besa eec in thickness. The gemmae may g 
new sporophyte while still attached to the i 
fall on suitable substratum. parent Pe 


4. REPRODUCTIVE ORGANS— 


Psilotum bears large and conspicuous sporangia at the ¢ 
of the dichotomously branched shoots. In Psilotum the 
are borne in triads on the adaxial (ventral) side of the ap 
*leaf") at the point of dichotomy and they (i.e. sporangia 
raised on broad but short stalks. As the sporangia are fused 
another so the group is often referred to as ‘synangium 
mature sporangium or sporangial complex is 2-3 mm. wide, 
each lobe contains a spore sac with numerous spores of 
The sporangial wall is multilayered. The mature 


dehisces by a vertical slit. 
angial complex has 


The morphological nature of the spor: 
Š Laubach (1884), Ve 


in great dispute. According to Solms- , 
x Seward. (1910), Bower (1608) and Schoute (1938) it is 
structure and the forked leaves are bifid sporophylls, bearing à > 
fructification (sporangium). But Juranyi (1871), Strasbu 
Goebel (1915) and Bierhorst (1956) consider it as a short la 

According to them the short fertile branch i.e. axis 


appendages i.e. leaves and terminates in a trilobed fru 


B. Structure of the Gametophyte 1 
ametophyte. Each spore is 


Spore is the first cell of the g hin reticulate w 
-cal with outer delicate and finely thin r 
eyo e after about four months an evelops 


spore germ 
gametophytic p 
(+ 18 mm. long), 
existence. The mature ga 
branched, subterranean, cy 


ith brownish hair- 
de pe mycorrhizal fungus. Gametophy 


d wit ë 1 ime 
Fë: nonii there is no diferen 
and reproductive (fertile) regions—an e > 
borne in large numbers all over the game ophyte. 


ture a 
f the g 
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i tophyte 
) begin to develop on the rei den 
- emnes bos ae a. p the jacket of the 
: rchegonia. lls. Withi i 
ody with a jacket I spiral and multiflagellate sperms 
° um, there 


i t projecting 
i sunken with shor "=. 
why lary may Tie arat ofthe ache 
h Mt wi ssibly two neck can de Mrs m: 
x. "phe t mal ce and an egg. The rapi d rd 
MM and the ventral canal cell gradually beg 
n 


3 A—Gametophyte, B—Ant 
(sp). C—Mature archegoniu; 
rh—rhizoids, an 


mf —mycorrhiza] 


Se Fertilization—As the archegonia approach 
sloughing off of all neck Cells ab 
neck 


heridium containing 
m. nc—neck canal cells, 
-antheridium, ar—archegonium, 
fungus. 


takes Which leaves a 
trance antherozoids Into the Yenter of the 

d Fettilization has not been Observed, Probably it takes 
usual, ç 


s= D Š epibasal ce 
hypobasal cell develops into t ef 


822 STUDIES IN BOTANY — — 


With the development of embryo, a cushion-hke g: 

is also formed above the embryo forming the si 
cushion of gametophytic tissue is lifted 
growing axis of the embryo. In the mean 
downwards sending a number of haustorit 
the gametophytic tissue. The foot attaches 

absorbs the nutrients from the gametophyte 
phyte becomes physiologically independent. 
sporophyte breaks off from the foot but still rem 
phyte. As soon as the sporophyte gets an myco 
tion, it becomes independent. 


carteri Lepidophyta 


monoste! i i le). 

i i lystelic (with more than one ste! 
Fertile leaves i ane volle ed ERA in strobili —fertile leaves aed 
Do ia the soper ie. adaxial’ surface and near the base o 
spotophyll. 


is divisi i .g. Lycopodinae. 
Accordi , '55) this division contains one class e.g J 
E eee oe fom orders e.g. 1. Lycopodiales, 2. Selaginellales, 
Lepidodendrales and 4. Isoetales. 
Order Lycopodiales—The sporophytes of the members under this order are 
herbaceous without showing any secondary thickening of stems or roots. Leaves 


without K hylls may or may not be restricted to the apices of branches 
sod wy ae Oyen ied Onid into definite strobili. Gametophytes are 
either partly or wholly subterranean. Antherozoids are biflagell: 


ate. 
Order Lycopodiales contains two families, e g. (1) Family Protolepidodendraceae 
(includes 


only extinct genera e.g., Baragwanthia, Protolepidodendron) and (2) 
Family Lycopodiaceae (includes only two living 


genera viz., Lycopodium and 

Phylioglossum). 

3.1 LYCOPODIUM 

Lycopodium, commonly known as ‘cl 
belongs to the family Lycopodiacez of the order Lycopodiales under 
the class Lycopodinz of the division Lepidophyta. 

Habitat—Lycopodium is a large genus including about 180 species 
growing mainly in sub-tro p 


ub moss’ or ‘ground pine’ 


i š pical and tropical forests ; some s ecies are 
distributed in arctic, temperate and tropical regions also, Y i 
grow in moist and ich i 


LE cernuum, 
setaceum etc. 
Habit—Habit of the plant body í 
diverse types. in different '; i 

tubby or herbaceous types. 
erect Or ascending ; other Speci pao 
with weak and Pendent branches, 
E Structure of the Sporophyte ( plant body ): 
s crier Wu Te eid OF THE VEGETATIVE ORGANS— 
Species the i 
In clavatum, L. cernuum fes tin ns lender es 


MS are Creepi 


either 


nd rhizomatous. 
ng On or below 


i.e, nearest to 
an is directed 
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the soil surface (prostrate type) bearing erect branches ; the 
is dichotomous only in the first formed portion but in la 

portions it is apparently monopodial. In L. selago, L. 
the stems are erect or pendent, either unbranched 
branched, then the branching is dichotomous. Stie 
are covered with small leaves. 


(b) Roots—In some species e.g. L. selago, L. 
the roots arise mainly from the basal part of the a? 
no adventitious roots arising along the entire length í 
The roots of the adult plants of L. clavatum, L. 
adventitious and arise all along the under side of the 
of the stem, either in cluster or singly. Branching of 
dichotomous or the branching is obscure. 


ion of a 

i podit m clavatum. A—Portion p 
Fig, $1 Le Mature sporangium ia Au moth: 
: j. C—L. s. of a strobilu: (ose B 


x "sporophyll with a sporan i 


* 
ns 
ile, si d lanceolate 
all, sessile, simple an colate 
Q odd The size of the leaf vo 
beoog ` The arrangement of i 
agr cases ma; be whorle 


7A — a Mature leaves are pro 
(I: al icrophyllous leaf). 
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The foliage leaves are generally all alike and are of the same size 
and shape, but in a few kacie (L. volubile) leaves are of two kinds 
Le. dimorphic. 


2, INTERNAL MORPHOLOGY— 


Stem—Transverse section shows (i) a superficial epidermis, one- 


cell in thickness with cutinised outer cell walls. Stomata are present 
in the epidermis. 


(i) Cortex—It is generally broad but varies in thickness, cortex 
my be ese: throughout or divided into three zones. Where 

cortex is homogeneous, it is composed either of parenchymatous 
cells throughout or the cort [| 


ex consists entirely of thickened sclerotic 
cells. Where the cortex is composed of thre 


1 i € Zones, it is composed 

of outer and a EOM zones of sclerotic cells without nter» 
Spaces and middle thin-wailed zone of arenchymat 

with intercellular spaces. Internal to this, there li oii 


> lies the end S 
one-cell in thickness and composed of thick-walled colin pros 


SN. 


as 


Doe 
Cp 


(iii) Stele—Int 
ones nternal to the endodermi 
Posed i eur layers of thin-wa]s ed 
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transverse strands ( 
plectostele) i i 0 
spaces between xylem rays orn ME ys 


(b) Root—Transv 
fea erse section ofr 
dermis ; several-layered thick cortex, eec oun 


Sclerenchymatous 
sheath = 


oot of Lycopodium pithyodes in transverse se 


atous cells and a stele (proto 
but in older roots diarch t 
r xylem archs. ; 


Fig. 3.3—Cortical r 


cells and inner parenchym 
monarch in young roots 
phloem between xylem rays o 


Vascular bundle 


Fig. 34—LX 
clavatum leaf | 
section. 


(Y 


“Se 
Ses 
SO 
e. 


R 


Mesophyl cells 
tissue ( compo 


II 
Leaf shows one type of mesophy! [ 
ü y, repe parenchyma) and a single median Y: 
which is concentric in structure. 

F THE 
3. VEGETATIVE REPRODUCTION O : 
Vegetative reproduction takes place by ET po 
(i) Gemmae or bulbils— These ate modified, a 

these are flattened tips of short modified 1a 


_* 
Éy. 
° 


e 
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d 
il of leaves. Gommae or bulbils fall off on the ground an 
ax š 

X new plants. 


i tures produced by 
—These are bud-like structures 
D want and give rise to new individuals. = 
di Protocorm*—In some species elongated protocorms may giv 
rise to new plants. 


(iy) In epiphytic species plant fragments may give rise to new 
nts. 


(y) Detached leaves and roots sometimes form bulb 
y into new plants. 


(vi) By progressive death of older part of the rhizome reaching 


the branching region, the surviving branches continue to grow as 
new Individuals. 


ils which grow 


4. REPRODUCTIVE STRUCTURES — 


- Reproductive structures are strobili or cones. 
In some species all t 
Sporophyll, in others ( L. clavatum, 


Some species e.g. L. selago the sporophylls are borne in series 
alternating with sterile foliage leaves 

Structure of the Strobilus —Each strobilus is a s 
tither sessile or Stalked, simple i e. unbranched (when borne si 
or dichotomously branched i 
about 2.5 


centrally 
are spirally 
iage leaves, 
Td Y. i Pach pPorophyli bears a 
On the upper (adaxi fi 

Sporophyll near the base i E: P 


according to species With a ] 
massive stalk : j is 


ial jacket there 1 
I$ surrounded 
known as tap, externally by 


' by a layer of nutritive ti 
pon e e cells, caci or OBenous tissue later on differentiates Ia 
: Dose thc ofw by reduction division forms ; 

N y um is homosporous Le, Jy copodi pin 
kind o Spore. As soon as the spores ar des 
Or haploid generation begins, 


Oduces One 
e developed, 8ametophytic 
N This structure may be re 
ded hysi : : 
corm mig Y Season (Hollos 25 3 Physiologica] Specializar 
BUS itcm eta 1910). i aon to 


Carry th. 
educed stem, ding to Browne ty the 


(1913) the 
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5; B 
DEHISCENCE OF SPORANGIUM— 


In Lycopodium 
spores are libe 5 
rupti 5 rated to 
siti of. sites Sporangium apex along the pres by the tram 
wd in-walled cells known as the ofa narrow transverse 
st jacket layer. stomium formed in the outer- 


B. Structure of the Gametophyte 


Being homosporo i 
ice 0 us Lycopodium produ gameto- 
dr] NE is the first cell of the HU pe 
— epist (four adig but with rounded base) ad po 
I s viz., outer exine and inner inti ine shows 
pitted or honey comb or net-like structar pep a 


triradiate ridge. 


The spore on germination 

: produces monoecious (hom thallic, 

n te plant body. Gametophytes are eet with a w 
ycomycetous fungus forming an endophytic mycorrhiza. Morpho- 


logically gametophytic plant bodies i i (si : 
thallus) are of three type such as im je. prothall (uM | 
ery small i.e. inconspicu- | 


F IRST TYPE—In this type the prothallus is v 
ous (2-3 mm. long and 1-2 mm. in diameter), more or less cylindrical 
to ovoid in shape with lobed apex, short-lived, green in colour 
develops on the surface of the ground, which is found in tropi 
hort, colourless, cylindri- 


rnuum. This type has a very s 
t, often embedded in the soil. The upper 
il surface and bears numerous 


is exposed freely above the so 
the top forming a crown. x Oo 
f uced 


tissue into which endophytic fungus does 
lly undifferentiated and 


art is genera 


Internally, the u 
consists of parenc 
not penetrate. The lower p 
occupied by endophyte. 

thallus is much larger (1 or 2 cn. | 


SECOND rvPE—Here the pro 
ot- lon „lived, non- 
arr shaped, g f i 


long), more or less tuberous or c 
: (yellowish) or almost colourless and EE b A: 
. Interna ec 
clayatum y, s 


in colour / 
in creeping Species e.g. L. 
is composed of, use cells é bod 
region is occupied by rra 

thallus. The sex org | 
face of the prota Es Srothallus. 


arise from th 
borne on the holl 
i i i diate in bet 
THIRD rype—This type 1$ an intermedi: 1 betw d 
the second types and is found mainly in ep pair LE ai 
phlegmaria. Prothallus is saprophytic, a ge i: 
irregularly-shaped tuberous central body sendet cylindri 
about 2 mm. in diameter, from which extend sever 
cals colourless aerial branches. 


» 


" 
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Sex organs—The gametophytes of Lycopodium are monoecious 
ie., bear both male (antheridia) and female (archegonia) reproductive 
Structures—these are developed on the crown or at the base of the 
lobes or on the central cushion of tissues of the gametophytes. 


Antheridia are several in number, either wholly sunken in the 

gametophytic tissue or project slightly. Antherdia are generally oval 

igh they may vary in shape. Each antheridium contains numer- 

ous sperm mother cells surrounded by a jacket layer, one-cell in thick- 

ness. Each sperm mother cell is directly metamorphosed into a. 
cubical biflagellate spermatozid or sperm. 


Archegonia Antheridia 


"e 
UJ 


zs; 


E 
Fig. 3.5 A~Youn 
ig gametoph 
m s B Aber i 10g ^ llus) of Lycopodium clavatum 
E sperms (upper two). D—Archegoniues Ee "9 
nl, s, 
"ui n are also sunken with only their 
Wardly, MOMS Apel cylindrica] With a long ( age E 
dein d IN case of Surface.]ivi lype e of he 
y» HE e nium consists of a na nter eo type) ope 
et oe ITOW Venter c an e 
cells ( where neck js ia ll, and a neck composed of Po sk a egg 
ng) or one neck canal et. rok Canal 
"o : D. ( where neck 


at hen th : 
the tip Separate, the Deck. cana onium matures the 


t 
al cells and the ii > ‘an 
a 
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disorganise leaving a passage open to the egg for th 

sperms. The jacket wall of tig mature o eae for mo ee 
and the sperms are set free. The biflagellate sperms reach ede 
gonium by swimming through a film of water on the surface of tbe 
prothallus. Although fertilization has not been reported, it 
presumed that one of the sperms fuses with the egg cell and as a 
result zygote or oospore (2n) develops. As soon as the oospore 
formed, diploid or sporophytic generation begins. 

D. The young Sporophyte (Embryo)—The zygote first surrounds 
itself by a wall and then by repeated divisions gives rise to an embryo 
— from this embryo the young sporophytic plant develops in 
of time leading ultimately to a mature one. 


E. Life cycle 


* a Lycopodium—— »Strobilus— SporophyI- 509/9808 
| plant (27) 
| SPOROPHYTE 
Young sporophyte (2N) Sport — 
+ 
| 
s dms s 
| Pe cre EE M EIOSI 
eie 7 
uir N GAMETOPHYIE (N) | 
+ ES om ius 
| A Sperm—Antheridium Gametopbyti E 
Zynotee MC (n) $ Nplant body o1<— Spore tad prod 
(Qn Y Egg—--Archegonium Prothallus [^ 
(n) : 
herbaceous + 


is order are 
ytes of the members of this order ees are 
i ‘kenings. Folia 
8 ts are without any secondary thicl g 8e pith a l je 
stems dilous and all are similar or dimorphic ie an pror a ils ate 
s he branches um er al 


each pei mt 
shylis, eac earing S 

poe heterosporous. Gametophytes are 
megagametophyter 
selagi ceae (containing only. 
huis in s Miadesmia 


3.2 SELAGINELLA P 
Selaginella, Cone Tamil known ar ene ol club der Selaginellalet 
mrt eer = faily the division Lepidophyt2- 2 


the class Lycopo inz E. E 
under The genus Selaginella has about Does n iot gine 
n di i But most O ae dd ihe ground 


Habitat— J 
ide i bution. Í 
world rs ; ore f tropical countries an g a 
Ls dm the d i mid conditions So ae pee und to 
peni e rid regions of the world, 
sender ka shady s! of the hills. 
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About 58 species of Selaginella have reported by Alston (1945) 
from India; of these, common species are Selaginella kraussiana, 
S. chrysocaulos, S. pallidissima, S. jacquemonth, S. megaphylla, 
S. pentagona etc. 


Habit— Selaginella plants i.e. sporophytes are generally perennial 

or rarely annual prostrate herbs, creeping on soil surface or over logs 

Stones (S. kraussiana). The species also show some variations 

Viz. some species are suberect (S. trachyphylla), others are 

erect (S. erythropus) or climbers (S. alligans). The size of the 
yte varies greatly from a few centimetres to several metres. 


A, Structure of the Sporophyte (plant body) 
1, EXTERNAL MORPHOLOGY— 
( 


win The stem is long, slender, usually dorsiventral and prostrate 
n Short erect branches; in some species the stem is erect. The 
n A be unbranched or dichotomously branched. In S. 


» a typical species, the main stem is repeatedly branched, 
the branching is dichotomous at first, then becomes dme. The 


Stem 


or cone 


Microspórophyll 


Selagi i 

; I-A litle Par ora di rx eion ofa 
=A ti r D yte) with 

and mayne one megasporophyll bearin lat oe 

2) um iare beating Ting Megasporangi r 
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growth of the stem in most species takes place by the activity of 8 
single well-defined apical cell situated at the growing apex. 

each ramification of the stem, colourless, leafless, elongated 
cylindrical appendages known as rhizophores develop. The 
phores grow downwardly into the soil and give rise to a small tuf 
of adventitious roots at their free ends. 


Morphological nature of the rhizophore—There are three views about the 
morphological nature of the rbizophore, (1) rhizophores are capleti 


as 
roots (Van Tieghem and Harvey-Gibson 1902 ; Uphof, 1920) as tbey are like p 
me anatomical structure as that of 


positively geotropic, leafless and have the sa 

root ; (2) rhizophores are regarded as leafless shoots (Pfeffer, 1871 + Bruchmans, 
1909 ; Worsdell, 1910) because thizophores like the stems are exogenous Ii origic. 
lack root caps and root hairs, always develop from ‘angle meristems’ that are 
situated at definite regions with respect of the point of bifurcation of the shoot 
and can be grown into leafy shoots under experimental conditions ; (3) Goebel 
(1905) and Bower (1908, 1935) hold that rhizophores are neither roots nor shoots 


but organs sui generis’. 
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fo texture. Leaves are provided with unbranched mid-vein (micro- 
phyllous leaf), In some species (S. pygmaea, S. uliginosa) leaves are 
ail alike and arranged spirally on the stem. Bet in others e.g. 

; ana, S. lepidophylla etc. leaves are usually of two types 
8s are dimorphic, and they are arranged in four longitudinal 
‘on the dorsiventral stems. There are two rows of small 
E and opposite to them lie two rows of larger 
L phyllous). The leaves occur in pairs and the two leaves 

‘ach pair are unequal in size, the smaller leaf of each pair is 
d on the upper surface of the stem and the larger leaf is 
d on the lower surface of the stem. 


"g Y [fF Reet hair 


| — Epidermis 


- T Fig. 3 


ur :8—Selaginella rubella root in transverse section, 


€) Roots—Fir 


Š also. Roots i A 
is dichotomous in alternate pune A a ning 


INTERNAL MORPHOLOGY— 


Stem in Cross-section shows : 
rfi t t t x 
Oi epidermis, one. 


An ss and it consists of 


tomata are absent in epidermis ; 
either entirely of thi 
in-walled 
rcellular spaces, or of Partly scleren? 
and Parenchymatous Cells, 


ermal cells are modi i 
e 
lae by means of a mo 
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(iii) the stelar organisatio i 
the n varies in di pecies. stel 
pr in nature with exarch xd pue f which r 
Mer one (monostelic) to several i.e., 2, 3, 4 etc. (ps) 
stele is externally limited by a layer of pericycle. iic 


Upper Epidermis 


— Selaginella kraussiana leaf in cross-section. E 
ss-section shows one-cell layer th 
cortex and stele ; the cortex is like that of stem but i 
The stele is protostele, which is mo 
(c) The leaf in cro ws a distinct upp 
epidermis—each is one-cell in thickness, an undifferent 
and a central vascular bundle. The mesophyll tissue is 
more or less elongated and similar cells with interce 1^ 
Vascular bundle is concentric, phloem surrounds the xy 
. VEGETATIVE prpRopuction—Vesetative repre 
place by the following methods. ; f 
1) Surface tubers and underground tubers bs ve 
ends of ordinary Ve t the en 


getative branches and à 
modified underground branches respectively—they 
produce new plants. "T Jis 

tive Te oduction also fa es 
D) dio, by in t the frond tips etc. 


r 
fragmentation, by rooting 4 V 
4. REPRODUCTIVE sreucrunes— Reproductive 


strobili or cones. 


Fig. 3.9 
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(b) The root in cro: 
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Selaginella as a whole the megasporophylls occur at the base of the 
cone and the microsporophylls above. In some species, the strobili 
Le. cones are made up commonly of microsporophylls with one 
megasporophyll at the base ; in others the strobili consist largely of 
megasporophylls with one or two microsporophylls occasionally. 
In S. oregana the strobilus bears only microsporophylls on one side 
and only megasporophylls on other side. There are some species 
- in which a strobilus has only megasporophylls or only microsporo- 

phylls (Mitchell, 1910). Sporophylls are also ligulate. 
porophyll bears a single stalked microsporangium in its 


either nearly upon the adaxial (upper) surface of the spo 


rophyll or on 
the surface 


yll. Similarly, 
ed anrea: or 

n the adaxial 
surface of the s 1 he axil of the 
sporophyll. The two kinds of sporangia (micro- 


and mega) vary great] 
in size, and the megasporapgia are larger while the microsporangia 


macrosporang 


5. DEHISCENCE OF Spo 
kinds of eporapgia EANGIA—In Selaginella, 
of the sporangial eet a by cal Splitting 


dehiscence of both 
erential hygroscopic cha 
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Germination of microspore takes place within the micro: 
In the microspore the first cell division forms à small le 
cell called the prothallial cell at one side and a larger cell 
antheridium initial. The prothallial cell divides no fu 
antheridium initial divides and redivides forming a 12-ce 
the so-called antheridium. Now the male gametophy 
13 cells (12 cells derived from the division of antheric 
and 1 prothalial cell). Of these thirteen cells, the ce 


iem 


let @) e VEA. 


S 
Spore l mL ga U cell 
wall eT. Antheridial 

initial 


i t stages of th 
0— kraussiana. A-D - Differen m 
Fig. 341 Selene i.e. microgametophyte- E-— Single 


Is divide severa 
- vam tes. Each Spe ; 


biflagellate sperm. 
Boat free in the 
ing fil 
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hedral in shape with prominent tri-radiate ridge, the spore wall 
consists of outer sculptured thick exine (exospore) and inner thin 
intine (endospore). 
j The female gametophyte also begins to germinate while the megas- 
pore is still within the megasporangium ; sometimes the entire develop- 
— ment takes place within the megasporangium, in some cases partly 
, the megasporangium and partly when itis shed. The germina- 
ting megaspore first enlarges in size and now consists of three wall 
layers: and a thin layer of peripheral cytoplasm enclosing a nucleus. 


egaspore showin 
metophyte, g the 


Ole. As the y free, flattened 
mes thicker and th 


ere whi : 
completely jeu e adually extends ode Cushion of 


efore fertilizati ards filli 
; stops temporarily aller de I s species” waq 
ery and inner walls tae h vi zome 
rom du AE? wh aaa 
T portio is ool Portion, 
Vided into 
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apical tissue, the spore wall cracks along the triradiate-rid 
apical cushion of tissue becomes exposed. This tissue of 
tophyte may become green and rhizoids may develop from the 
tophytes after they have fallen on the soil. i 


Most of the superficial cells of the apical tissue are) 
archegonium initials, and several of these develop into arc 
Archegonia, varying from few to many, are developed in the 
of the cushion ; they are small and sunken in the surroundi 
of the gametophyte. Each archegonium consists of a n 
of two tiers of four cells each, one neck canal cell, a 
cell and an egg. an 


ertilization—It may 
w ore still. within the mee x 
ium has fallen. to the gun 
to the archegonia in dew or in Wu 
fe the egg or ovum, a, me 
pace formation O! € 


ore, d 
develops. With the i 


ie, Emb 
hyte 165 
D, The 7 une, S szerte a protective 
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- an embryo which gives rise to adult Selaginella plant in course 
of time. 
_ E. Life Cycle 


i A Microsporophyll->Microsporangium—— 
; gen, Megasporophyll->Megasporangium 


Y . Y 
Megaspore Microspore 
mother cell mother cell 
UT) Sees E A ETER MEIOSIS 
= *m = 
> Hi Megaspore- Microspore- 
= H Ë t tetrad 
oz $ Š = Megaspore Microspore 
"a Dm (m (n) 
" : š Aule Male 
: gametophyte gametophyte 
x s is (Antheridium) 
Y Archegonium v 
j N nt M Sperm (m) 
KS orari Ri SHE (I 
Embryo<—Zypotee CA 
E oue | 


Order Lepidodendrales—Members of this order are exti 
Of the members of Lepidodendrales were tree-li 

growth in bo 
re 


te. 
v + um 3 Sporophylls were borne in strobili ^ the members 
According to Smit (1938, 55), Lepid d i 
° t Lepidodendraceae includes type penne endrales contains 


four families viz. 
: Benus Lepidodendron (2) Lepid : 
type genus Lepidoca 3 j 
| Bothrodendron and. (4) igillariaceae V epe 
e It is evident from the kno 
in the ian and bee 


Pidodendrales ap 
ing the Permia f Pal „appeared 
3.3 LEPIDODENDRON n of Paleozoic age, 


i d sp les of ; 
This genus appeared d o epidodendron 
12 n the flora of .APpeare during Up 
ng Permian Carboni 
A. Ste 


ture of the Sporophyte 
AL MORPHOLOGy—_ 3 
of 40 metre :Y— Most species were 
n The trunk s. diameter Of the trunk a ee Upto a 
a ight and columnar, b Out half a 
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some distance above the ground ; above this the trunk ç 
mously branched forming a dense crown of sm 
(branchlets)—these smaller branches were clothed 
arranged either spirally or in alternating whorls. - 
simple, deciduous, ligulate, acicular to linear in shape and 
cm. long. Leaf bases were thick and spreading. Le 
persisting for a long time, were ultimately shed by ab: 
the thickened base leaving the base still attached to the 
a projecting pyramid or truncated cone forming the 
cushion. 

At the base, the trunk was attached to a dichoto 
thick and spreading “‘stigmarian root system”. : 


3. INTERNAL MORPHOLOGY—The stem at the trunk 
differentiated into cortex and stele. Cortex was 
consisted of the following parts :— : 

(a) Inner cortex—Composed of parenchyma cells, h 
except for leaf traces ; externally delimited by a secreto 

(b) Secretory zone—Composed of mixed large and 
some of which were filled up with a dark-coloured s 


mi microsporangiu 
(c) A middle cor tex— Similar in structure a 


rtex. 
Ta Dun outer cortex — CORSI 
of thick- and thin-walled xc if 
i ter cortex: p IO 
by š utd neat) in the stem even Da 


Pig. 3: Ey archegonium. 
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vascular cylinder (stele). In most of the species of Lepidodendron 
` stem had. a secondary thickening. The circular secondary woods 
were thin on one side and thick on the opposite side. 


The central cylinder i.e., stele was either protostelic or siphonostelic, 
ïn both the cases the protoxylem was exarch in position and polyarch. 


The leaf base was provided with a small, single and prominent vas- 
cular strand, This vascular strand or bundie scar was flanked by two 
rounded or triangular scars or areas, one on each side—these areas 
together constitute the parichnos. The parichnos represented the cross 
sections of strands of soft, aerating or secretory parenchymatous 
tissues extending from the cortex of the stem into the leaf. Two 
other similar areas might occur on the cushion below the leaf scar. A 
centrally placed ligular pit or ligular scar was present on the cushion 
above the parichnos and the bundle scar. The ligule was small and 
shrunken. Stomata were restricted on the lower epidermis along 


the two longitudinal patches. The centre was occupi d 
‘mesophyll tissue. pied by spongy 


3. Repropuction—Structure of Strobili: Nume 
strobili of Lepidodendraceae were discovered from (Sh Tura ne 
these were referred to the form genus Lepidostrobus. But in man 
Cases these Lepidostrobus strobili have been found attached to the 
^ Similar in structure with that of Lepidodendron. s 
€ strobili were elliptical in outline, 2.5 to 3 
cm. in diameter. They were borre termi lly on ihe Sow Suns 
crown, solitary or clustered. The strobili suchen of 


were incompl ; 1 Some species, sporangi 
Pletely septate like those of Tieles Du : UA of both 
à Or trabeculae wer IS Case it has 


a 126 Spore masses rath x 
Sporangial jacket er than with 
sporangium of innt (Bower, 1894). T 


e micro Spo} 


B. Structure of dea nes which 
a the G 
‘Yet been discovered Phyte—T ' 
i * Cellular he male am 
: m lyte with archegonia resembling nt ophyte i Š ophyte has not 
° 


Selaginella ^x pee 


842 STUDIES IN BOTANY 


has been discovered. The megaspore began toc evel ) 
gametophyte while still within the megasporangium. 


Order Isoetales—Sporophytes are generally herbaceous types ' 
rhizophore at the stem base. Stem shows secondary thi . 
(microphyllous) and ligulate. Members of this order are h 
without the sporophylls organised into definite strobili. S 
only for living genus) are multiflagellate. 


Isoetales includes both extinct and living members, hence m 
t day. This order contains 


(1) Pleuromeiaceae and (2) Isoetaceae. 


are known from Triassic to presen 


8.4 ISOETES 


Species of Isoetes, commonly known as *quillworts' 
family Isoetaceae of the order Isoetales under the cl 


Habitat—The genus 
distributed widely in 
are rare or abs 


growing in water of pools an 


swampy land. Common In 
I. sampatkumarini, 


ent in tropical regions. Majority of s 
^ d lakes as submerged v€ 
dian species are Isoetes 


I. capsularis, I. indica etc. 


L 
5 


Sx 
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i ts of wet places. 
— e small, perennial, herbaceous plan | 
In E erm nai Ee some monocotyledonous plants such 
: as tu grasses or wild onions. 


A. Structure of the Sporophyte (plant body). 
1, EXTERNAL MORPHOLOGY OF THE VEGETATIVE ORGANS— 


—Isoetes plant body is 5 to 50 cm. tall ; it mainly consists. 
of E or Seek bed tuberous axis—which bears a densely 
crowded rosette of leaves on its upper side and many dichotomously 
branched roots at its lower surface. The morphological nature of 
this axis is very controversial. Commonly the axis is termed a corm 
Or a rhizome but these terms are inaccurate (Eames, 1936). Lang 
(1915) has proposed the term “stock” for the tuberous axis, 
because the axis has been interpreted both as a stem (Scott and Hill, 
1900 ; Stokey, 1909) and as a stem combined with a stigmarian type 
of rhizophore (Lang, 1915 ; West and Takeda, 1915). Eames (1936) 
has supported the latter idea, according to him the upper leaf bearing 
>i of the axis is actually the stem and the lower lateral roots 

g part is the rhizomorph. 
Anatomical studies also indicate the differentiation of the ‘stock’ 
axis and rhizophore. In Isoetes the plant body is “so telescoped 
and the cortex is so thick that differentiation into axis and rhizophore 
is not externally evident" (Smith, 1955). 


£;they are crowded i 
& close spiral forming a fascicle towards the upper part eee 


T" 4 but passes progressively through 1. 2, $2 the spiral which is at first 


sb Bete. Each leaf is provi 
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male gametophyte and megaspore on germination gives rise to female 
gametophyte. Both the gametophytes are greatly reduced and are 
within the spore walls. 


Prothalial 
cell 


Sperm mother 


Prothalial 
Collis: 


Fig. 3.15—Isoetes DOT e 


Microspor, . B- 
Piment of male gametophyte. Bee 


Mier, 


ifferent st. 
ingle sperm, 


yte—the numb Ospore is the f 
long Porangium. Eas z ,ierospores s cen of the male 
EM y ridged and pus pore is bilateral, ye y within each 


ages in the 
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the microspore cuts off T" 
ore a small prothalli nd le 
pe bii oos cell or initial. The prota CO n 
P= ina Ü dd antheridial cell divides and redivide fa "n 
centrally ated sli cT ue) ob the gamelan 
called sperm and ) 
Thé jacket tet d is telàmor phos pes f 
h s do not break down b i s ( 
eer wall cracks open. Ultimately "ull the fou 
iberated through an irregular rupture in the spore wall, — 


2. FEMALE GAMETOPHYTE—M i : 
—Megaspore is thi 
female gametophyte. Megaspores us ferser, tatana ia 


Fig. 3.16 — Isoetes sp. A—Megaspore. B—L. s. of the fe 
gametophyte showing archegonium. í 


triradiate ridges, coloured or white and variously ornan 
megaspore wall is very thick and consists of several layers. 
tion takes place as soon as megaspores are liberated from 
gium. The nucleus of a germinating megaspore may Me 
he basal portion of the spore. In either 

des freely into several nuclei (30- 
plasm towards the periphery 
Next wall formation ? 
duaily extends tonal the b 
i whole mass bec 

the sides, and then centripei ms 


portion of the first-forme 


the rupture o 

but here gametophyt 

this exposed tissue h 

jt. Two or three archegonia dev 

gametophytic lor a gr 
jum consis 

pa cell, a ventral canal cell and an ege- 


C. Fertilization—At th 


swims towards the neck. 
ssage established by t 
Ley ne Lan canal cell and finally fuses 


ne 
nium, 
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lace, zygote or oospore (2n) develops ; with the 
e. the diploid generation (2n) begins. 
g Sporophyte i.e., Embryo— The 00s 


~>Megasporoph Il 
Isoetes Plant< UM 
—. (Sporophyte) 


> Microsporophyll 
_ SPOROPHYTE 
ne (2N) 


Microspor. 


+ 
Megaspor- 


angium angium 


Microspore Megaspore 
mother cell (27) dra Cell (25) 


a jeeni t EI [0] S 
5.  GAMETOPHYTE (N) 3 


OSEE LADEN Steen eee 


gametophyte 
um<——-Female: 
gametophyte 


Megaspore (n) 


CHAPTER IV. Calamophyta 


The division Calamophyta* (=Sphenophyta or A ta’ 
only one herbaceous living genus PA iii 
genera of arboreal types. Members of this division appe: 
Devonian, became climax of their structures during the í 
gradually began to decline in the Permian and since Jurassic, 
present day Equisetum is known. 


Š 


ji 
The sporopbytes of 1 
Calamopbyta are diffe 
leaves and roots. Interno 
tudinally ribbed. Leaves 
each node X e stem 
transverse whorls. 41 stele ; 
tostelic or wrona s Š 
branches are arranged : 
other at the nodes. 
borne on a distinct apj 
rangiophore. Members 
The division Calan 
class Equisetinae (Smit 
divided again into | 
(D Hyeniales, (2) Sphe 
(3) Equisetales. Some 
bave classified " 
viz. (1) Hyeniales, 
(3) Sphenophyllales, 
(5) Equisetales. 
Order Hyeniales 


iointed stems. Leaves 
diy arranged in whorls 
gate, narrow and forke 
Sporapgiophores were cylin 
or twice dichotomous'y 
order unas T E 
Protohyenia, J 
Ber —all are fossils. 
Devonian. E 


= = 4.1 HYENIA À 
E a = This genus is 
Middle Devon. E 


nous 
A 


bearing numero 
Shoots Were pro 


A 
Fig. 4.1— Hyenia. = Port ea VDE 
sporophytic Pr eu fertile appen and fertile. 


case ia (9). tthi — jeaflike, short, 
sp viel SPO fertile shoot. e d: arrange 
re e 
e forked two or more 
appe toot pe indistinct. The fertile wc 
z Also treated as à class Sphenopsida (Eames, 193} 
s Benson (1957), * 
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i i d or 
strobili ; they forked once and are provided with recurve 
= “nan tips, Hips bore terminal cluster of 2 or 3 anatropous 


sporangia. ; 
The anatomy of the sporophyte is not yet known. 
Order llales—Members of this order are known from the Upper 
Coh m Triassic. The stems of the sporophytes were provided with 
ly ribbed internodes ; leaves were arranged in whorls at the nodes, 
The Were sessile, wedge-shaped, dichotomously forked or entire, venation 
.. dichotomously bra 


ppendages, each was differentiated into s 
Portion. Sporophytes were homosporous or incipien 


This order is monotypic, containing only one family Sphenophyllaceae having 
the type genus Sphenophyllum. 


42 SPHENOPHYLL UM 


The genus Sphenophyllum appeared in the Upper 
flourished 


throughout the Carboniferous and the Lowe 
and gradually became extinct in the Triassic, 


The sporophytes i.e. plants were small and probably h 
Regarding their habit there is sti ay but dhe eee 
form Suggest that they 


Devonian, 
r Permian, 


were possibly climbin lants, i 
ved to be Partly aquatic, : oie rs 
MonPHOLOGY- The aerial sho 


ed stem, probably less th 


and irregularly branch- 
an 1 cm. 
had longitudinally ri cm. in diameter, Th 


€ stems Were jointed, 


ot and whorls 


he roots Were small and 
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the inner portion of the cortex was noted earlier or later 
activity began. Ñ 

The primary xylem of the adventitious roots was usually 
but in rare cases it was triarch. The primary phloem 
organised in roots. Like stem, secondary increase in thic 
cambial activity was noted in roots. They also had well d 
periderm formed by a cork cambium which probably origi 
the pericycle. ne: 


„4.2 A—S ma 
Fig B Leaves 


EPRODUCTIO 


sated with t 
of strobili associa toS enophyllum are pl 


Bowmanites, Cheiros 
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i - racts 
bracts at equal distances. Each whorl ye E d 
sporophylls, these bracts (sporophylls) were free These cup-like 
at wk d laterally united at their bases. 
ee su d one above the other in such a way that the 
ied istono whorl ensheathed the basal portion of the next 
E In the axil of each bract i.e. sporophyll, there wan 
[" single E med sporangiophore that was partially fused Do 
ü ebract. The sporangiophores were of two types viz, (a) some wit 
a long distal arms and a short median one and (b) others with 
ao Kos distal arm and two short median ones. These two types 
; ebore alternated with one another in each whorl. Each 
pi of a sporangiophore (whether short or long) was reflexed and 
oben a minis sporangium. The sporangium wall was several 
layers thick. Most of the species were homosporous but some 
< strobili have been found in which difference in size of Spores within 
I t sporangia is noted—this condition may be considered as an 
type of heterospory. 


Order Equisetales —The me nbers of this order appeared in the Upper Devonian 
‘od attained the climax in their evolutios io IE 


e Upper irboniferous, All mo 
genera except only one i.e. Equisetum; disappeared during the Permian. The 
genus Equisetum still persists today. 


stem Sporophytes of Equisetales is branched, branches are arranged 

in ue cene Internode coe and branches are longitudinally ribbed, 

tibs of successive internodes alternate wi cept the members of 

T ). Steleis an endarch Siphonostele, entire at the nodes but 
longitudinally perforated through t 

is noted in some genera, 


can et a f Sporangio- 
may Omosporous or heterosporous, e 
| SPorophytes are either arboreal or herbac 


The order Equisetales contains three families viz., (1) Aste: i 
2 and (3) Eques th (1) As rocalamitaceae, 


4.3 CALAMITES 


form- 
- But Scott 19 

that all such form. (1920) has 
Calor * OrR-genera belong to the stem known as 


Benus Calamites appeared ; 
E ant during the Carp S in the Upper D 


boniferous and dj red ct ae 
ù disappeared early in the 
—The sporoph ti i 
deron Pus plant of Calamites 


uites, known from 
alning a hej ht 
um, the tree had a "kd 


€. tree-]i 
° present day Equ ES like att 


is 
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tal underground rhizome wi i were 
with aerial shoots. Rhi 

large and tree-trunk-like ; they were differentiated ina wa 

ternodes and bore whorls of adventitious roots at each node. T 

rhizome had secondary growth. 1 


From the upper side of the rhizome, the e e 
shoots arose. These erect shoots had a Be axi. 
bearing whorls of lateral branches, and these erect shoots were 
generally constricted where they adjoined the rhizome. In the ert 
shoots, several lower nodes had whorls of adventitious roots. 
Like Equisetum, the surface of the Calamites stem had longitudin 
ribbed internodes but the ribs of successive internodes were al 
one another sometimes instead of being alternate with one another. 


Calamites stem had a whorl of leaves at each node. 
Calamites were placed under several 'form-genera' e.g. 
Asterophyllites etc. In the former type, leaves were short, 
often fused laterally along their lower margin ; in the latter 
were more slender, softer, curved upward and free from one 
Leaves were simple, small in most cases ; in shape they were li 
or linear-lanceolate and each was provided with a bi 
vein ; some were stiff and spreading, others were erect 


less appressed. The structure of leaves in general shows that he 
Re 


were photosynthetic organs. a 
Roots of Calamites were given the *form-generic" wu. 
meylon. The roots arose adventitiously in whorls on the » 
rhizome and on the stem bases between the leaves. ip 
NATOMY-Calamites stem was | internally differentiated i= 
ion tem of Calamites differs 


epidermis, cortex and stele. The s 

froth those of Equisetum in that they have a secondary t; 

by the activity of cambium. Periderm formation in the outer porum" 
of the cortex was š 


also noted during secondary growth. T 
The cortex was compose 


ion of thin-walled pare? 
chyma and an outer region 


were absent in the internode, 
nent pith was present in 

at the nodes and hollow mi i 
ndarch. In young twigs, va range metaxylem 
strands extending the entire length sh mte oto had both 
was composed of scalariform trachelds: tely at 


annular and. 
their maturati 
the inner face of eac 
composed of radial rows o 


S. 


as 
f scalariform and 
protosteles (1 
s was exarch ; 


masse e ei Wi th protoxylem patc 

cambium but secondary thickening was mited. Like 
sses alt rnat d 1 e d 
endoder mis was 2-layered. Cortex was composed of 
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| with prominent intercellular spaces (ie. air cavities). 
roots had either solid parenchymatous or hollow pith. 


Th transverse section the leaves were triangular or semicircular. 
Each leaf had a small central vascular strand which was surrounded 
à starch containing bundle sheath. Mesophyll tissue consisted of 
long, radiating palisade tissue. Epidermis was a continuous one- 
Structure bearing numerous stomata. 


- REPRODUCTION—Several types of strobili are found in the calami- 
tean type of plant body, those strobili have been placed under 
different form-genera e.g. Palaeostachya, Calamostachys, Cingularia, 
a etc. The strobili were borne in the axils of bracts in 


In Ls. B~Strobj 
ilus of Cala 
ES ; mostac; 
Jar pOrangiophoreg ; 20 of the mature ara 


set : H POrangia ; 
`e " inal canal ; D—pith cavi indem y 
more at ' 
inte a A ue OF fertile shi E 
needa An DsVerse whorls of I ratus 
us known as Cal oD ged 
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bracts and sporangio 
l phores were alternate wi 

conail axis—these two types of whorls amis di ss i 

rom the axis. The sporangiophores had branched apice: 

each branch recurved towards the base of the sp 

ere me Dome, gelidi on the branched 
giophore and the number of i eac 

phore was probably four. poc 


In Palaeostachya, both the whorls of bracts and 
were alternate with one another on the axis but sporan 
axillary to the bracts. Other structures werelike those c 
stachys type. However in both the types, the sporangi 
not the actual appendages of the bracts as the two 
independent vascular supplies. In Cingularia, the struct 
peculiar. In this type, both the whorls of bracts and spo 
were horizontally developed, and both types of whorls 
laterally. Again the whorl of sporangiophores was 
with the bract whorl. Bracts were divided into fo 
sporangiophores were not peltate but strap-like, once 
bore four sporangia on the lower surface near the ends. — 

Calamitean strobili were both homosporous and he 
Calamostachys binneyana were homosporous w 
Macrostachya infundibuliformis, Palaeostachya andrews! 
heterosporous. E 


4.44 EQUISETUM 
Equisetum, commonly known 
Equisetaceae of the order Equiseta 
the division Calamophyta. 


as ‘horsetails’, belongs 
les under the class Eg! 


species inhabit the coo 
Equisetum c 
grow in 
marshes or 
still pee is gro À 
i nd railway 
sinet debile, E. arvense, E. ramosissimum, E. 
E. elongatum etc. | 
Habit—All species are herbaceous prin vie 
much branched subterranean shizont sia aerial E 
of the species have plant bodies that are nde. 
height, but the aerial branches of E. es : 
cal S. "American) may attain 10m. or ; 
A. Structure of the Sporophyte 
1. EXTERNAL MORPHOLOGY OF THE ie 
Stem—The stem is subterranean ( ao 
Eq branched, perennial rhizome W 


: f h 
in sandy soil along the D abitata. sachs 
Common India 


Py 
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than a metre in the soil. The rhizome is conspicuously jointed i.e., 
differentiated into nodes and internodes. The rhizome gives off erect, 

branches i.e. shoots, generally of two types viz., (i) sterile 
and (ii) fertile. Sterile branches are green in colour, persistent and 


| / Strobilus 
it i / or cone 
ON A 


= 
hs 

PS 
y 
o 


— 
MSS 


= IAS 


I COT 


aU — Z7» 


pma ns 


Sporoph tii 
whorl idis 
e cots ane branches at each node, T 

n Seam " ative in fun node, The steril 


fi 
lived ; they are re nbr. ched, one The fertil shocanches 
Sround stem ie, throne in function?” colour and shot 
hizome is also Whorled, ` Internod Ë x the under, 
9! the rhizome 
me 


tave A Fig. 44— Equisetum loi 
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and aerial shoots are i i : 
f l provided with ri number 
Of ridges is equal to the number of oe Ee 


(b) Leaves are simple, small, slen n 
" " . : Y der -li ' 
pr oea mith a single midrib. They are arranged ia D A | 
oid m more or less fused laterally with one another near thet _ 
pa! s to form a cup-like brownish sheath which closely envelopes the 
ase of the internode. Leaf tips are free and teeth-like, The 
number of leaves in a whorl varies greatly with the species and 
the size of the stem ; the larger stems have many leaves (indefinite 
in number) and smaller stems may have generally three. Mature 
leaves are non-green in colour and in many species leaves become 
dead and scale-like. Photosynthesis is carried out by stems. : 


(c) Roots are slender, much branched and adventitious (fibrous 
types). They occur only at the nodes of the rhizomes or stem bases. 

The apical growth of the rhizome and branches is initiated by à 
pyramidal apical cell with three cutting faces. 


2. INTERNAL MORPHOLOGY OF THE VEGETATIVE ORGANS— 
(a) Transverse section of the internode of aerial sterile stem 
shows distinct epidermis, cortex and stele, The outline of the stem 


is wavy with ridges and furrows. 
its cell walls are highly silicified, 


Epidermis is single-layered, l 
stomata are present and are confined to the sides of each furrow. 


Cortex is broad and differe 
sclerenchyma beneath each ridge : ; 
chymatous strands also occur jus 
the curved bands of chlorenchyma ; (b) each band of M 
lies beneath each sclerenchymatous ridge—in po. phe 
chlorenchyma occur beneath the furrows lying be ue s he 
chyma of the ridges ; (c) innermost portion of bs on e — 
of thin-walled parenchymatous in s A teh 
intercellular spaces, known as vallecular MC pcr canal 
corresponding to a furrow and alter in positi id DE strips 
of vascular bundle and (d) an endo! I 
which surrounds the whole ring of vascu wee s 

The stele is dissected 222 Ree xylem jare 
i i h bundle has § “+ —the cari canal, 
strand of protorylem that leon ea perega nha la e a 
teral strands of metax JELY the pericycle, one 
ana ON Stele is externally limited i ne there lies pith 


; is endarch. a ° 5 
sel in Inside the ERE i tie pith cavity. H T 


cell in thickness. seen 
ich is generally hollow form à 
which inal canal generally contain m vd E ; Š 
; i verse section ° moma absent in 

b) The rhizome 1n trans ection points (a) 

(b) rial stem except the foe ving Poynthetic ciorendyme 


like that of ae : 
thc epidermis, (b) cortex Is 
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and sclerenchyma is poorly developed, (c) pith may be solid or 


-Vallecular 


Pa Tenchyma 
Pith 


Outer 
Endodermis 


Metaxylem 


Protoxylem 
Inner 
G Endodermis 


Transverse Section of aeria] Sterile branch 

rammatic), B—Single Vascular bundle. 
ection of a portion of the root. 

The root in transverse sec 

Ttex is divided int 


parenchy 
5 Wo-layers thick. Stele varies from 
to fetrarch—metaxylem lies in the cent 
3. VEGETATIVE REPRODUCTION— 

Vegetative reproductive st 


most Species Of Equisetum cones i 
: are prominent 
ie tye? Singly at the apices of fertile sho ires, 
ciali "da ud e e euh and is apiculate while the 
* Species, there isa all ring. vy 


t a 
like outgrowth at the Sages In 


Of the 
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cone, such an outgrowth is called the annulus which app 
represents a modified leaf whorl. The cones vary in size in di 
species. Each cone or strobilus consists of a thick central axis 
which several densely crowded peltate appendages c 
sporangiophores are arranged in whorls. The number of spo) 
phores in each cone ranges from few to many. Each spora 
phore ( s sporophyll) is a stalked peltate structure projecting at 
angles from the cone axis. Sporangiophore tips i.e., peltate € 
flat and polygonal in outline which fit closely together and 
protective covering for the sporangia. Each sporangiophor 
the underside near the edge a whorl of elongated sac-li j 
projecting Aorizontally towards the cone axis. 
sporangia per sporangiophore varies from 5 to 10. 
Mature sporangium is an elongate, cylindrical sac- 
with a rounded apex ; the sporangium wall or jacket 
only one-cell layer thick. In young sporangium, spo: 
lies within the jacket, some of which degenerate and oth 
tiate into spore mother cells. Each spore mother cell 
division gives rise to spore-tetrads, Equisetum 1s norm 
ous ; with the formation of spores gametophytic genera 


itudinal section of a strob 
-Equisetum sp. Longitu section cue: 
Fig, 4.6 ple sporanglophore- : C and 


i . e, 
is homosporous i. dee 
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- According to J. Lavergne (1931), this incipient heterospory in Equisetum is due 
to the internal constitution of the spores. 

5. DEHISCENCE OF SPORANGIUM— When the spores are mature, 
Sporangiophores shrink and pull apart, and the sporangium dehisces 
by a pase onsitadinal slit facing inwardly towards the stalk of the 

ophore, 


; B. Structure of the Gametophyte—Spore is the first cell of the 
gametophyte. A mature spore is globular or nearly so and without a. 
tri-radiate ridge. They are all alike in shape and size. According to: 


^ Antheridia 


Archegonia 
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Beer (1909), the mature spore is provided wit 
layers such as (1) the innermost delicate layer zi e 
endospore (intine), (2) next to endospore lies externally e; j 
(exine), (3) exospore is externally surrounded by a delicate 
known as the middle layer and (4) next to middle layer lies o 
the outermost thick epispore (also designated by some as e ju 
or perispore). The epispore is differentiated into four narrow, 
spirally ‘wound bands with flat, spoon-like tips. The spiral bands 
remain tightly coiled about the spore until the sporangium dehisces, 
These bands are commonly called the elaters which remain attached 
at a common point on the spore wall. These elaters are 
hygroscopic and respond quickly to changes in air moisture. r 
expansion possibly assists in dehiscence of the sporangium and also 
in spore dispersal. fi 
Under favourable conditions the spore germinates and gives rise 
normally to monoecious gametophytic plant body. ' 
-lived, green, thalloid and brane 


The mature gametophytes are long-lived, i | 
ched structures which grow on wet soil in shadded regions ; | 
regions viz., (a) cushion-like compact 


show two well marked 
and (b) the vertically erect, green, p 
1 region has an outer 
s the diameter of the d and Lu 
to new erect lobes and to rhizoids on the lower surtace. 
of growth are favourable, the first sex organs are formed when the 
f 30 to 40 days old. Archegonia appear 
f the gametophyte in ias where a 
ight lob Antheridia genera 
develop in large numbers on the marginal region of the gamer 
after the development of archegonia ; rarely xd dereherdia are 
photosynthetic de the archegonia. | at ti crstematic 
of two types e.g. embedded type, developing along he c eloping 
margin i.e. rim o metophyte and projecting tYP 
on the margin or apex of the delicate lobes. : 
i base (i.e. venter 
M—The mature les he The neck is 
ametophyte and a P h usually three cells in 


in th 


ARCHEGONIU 
embedded in the g 
short ; it consists o 
tier; neck canal cell 
canal cell and an egg. 


more oO 
:RIDIUM— The antheridi * elli 
ANTHERID d one per to- 


iors of cells wit e 
s ond orone. Ventre consists of à 


other cells evelope ie 

Il ot er cell r memor, is st 

nous cells. : iflagellate Spe e jacket 

i e d and yy the breaking down of th E Yt 

Mm ee 
pi^ Fertilization—Like [Isoetes (refer article 3.4 ^ | 
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D. The young Sporophyte ie., embryo—The zygote or oospore 
es first transversely. Suspensor is entirely absent, the entire 
ture mes embryo proper through repeated divisions. In 
ly cases, the embryo is definitely divisible into only upper and 
ris, the upper part becomes the stem while the lower part the 


2, plant— >Strobilus—>Sporangiophore (2n) 


SPÜBOPHYTR Sporangium (27) 
d Embryo (2n) (2N) Spore mother 
3 s (2n) eee 
 BXNGAMY tmn MEIOSIS 


NQ a 
Sperm GAMETOPHYTE Spore-tetrad (n) 


Antheridium 


ire thai phyte4— — Young game- 
, 


tophyte (n) pore Q) 


CHAPTERV Pterophyta 


The members of this division a « 
are differentiated into stem, env peg ina i 
phyllous, they are generally differentiated into a petiole and A 
with a rachis. Each leaf bears numerous sporangia either alon; the 
the abaxial i.e. lower surface of the leaf blade. Generally the mem 
homosporous and the spores among living members develop 
Ed rrr. Ses gemere on Stelar structure of stem ranges 

omplicated si i i ire 

characterised by Teaf gaps. phonosteles, but p an . 

Among the Pteridophyta, this division is the most predomi 
to Christensen’s (1938) estimate, Pterophyta pon ee 
with 9,000 species. About 10 per cent of the genera are either 
pantropical, the rest are endemic. The members of this division can 
occur in all types of habitats showing diversity of habit. ; 

Pterophyta arose during the Devonian period together with other g 
Pteridophyta, but the members of this division were a less consp 
in the flora of Carboniferous period. Again most of the Pi 
during the Carboniferous period became extinct during the P 
evolution of several néw members of the Pterophyta again took 
succeeding Triassic and Jurassic periods, most of which are su! 
forming a predominant group. 


Pterophyta has also been designated as Filicopsida, Filicophyta, P 
by many workers. Smith has placed all the members of Pterophyta l 
class Filicinae. He has further divided the class Filicinae into th 
viz. (1) subclass Primofilicales, (2) subclass Eusporangiatae and (3) s! 
sporangiatae. All the fossil members of Pterophyta are placed ] 
Primofilicales while the living members are placed under two other si 


Subclass Primofilicales contain 
(2) Coenopteridales and (2) Archaeo 
two orders viz. (1) Ophioglossales and (2)! 
giatae includes three orders such as (1) Filicales, 
S ss Primofilicales—It includes all the fossil members of the 

os ep pari of this subclass were found from Miad as 
of Paleozoic era. The members of this order had e re pr 
jacket layer more than one-cell in thickness ; they were j 

Order Protopteridales—Sporophytes this o 
axis bearing Jeaf-like appendages ; oe 
segments. Fertile appendages were ra 
tip of each ultimate branchlet. 


5.1 PROTOPTERIDIUM E. 

ily Protopteridace 

i il genus belongs to the family toler ms 
order Protopteridales under the subclass Primofilicales. — 

teridium is known only as carbor 

ibe Devonlan of Scotland, E. Canada, Belgium, | 

Czechoslovakia) and China. Nm Š 

6-8) under the genus pr 


cies ( : 
MI iie (If these P. minutum and P. hostime 
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' i -like. P. minutum 
i idium was simple and fern-li 
! E Bais branched stem bearing branches. These Soha 
r mig and fertile appendages. biu ches eds i se 
I c 

the lower part of a branch, they were ichoron ce ken 
ith flattened segments devoid of veins. + ee 
r i hes of the stem, they w 
towards the distal end of the branc ee 

forked into 4-6 prongs and each prong te 

` orca for sporangium resembling those of Psilophyton. 


Fig. 5.1—A branch of Protopteridium minutum. 


member of this „Contains one family, the 
15 species is kn 


: ame plane, A 
somet: : 
» Ventral) sid ie (e oth. Sporan 


Pinnules and 
E ARCHAEOPTERIS 


r Archaeopteris is kno 


u 
Sugge: 
ct and short stem rather than proses! 
her large, upto 2 


A nly sterile pinnae "regular intery. 
O; 


I » Others bore fertile =: Ë 

© both ste ettile pin 

apex) and fertile (either Wu eters : on ni d r Seq 
* middle) 
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pinnae. Sterile pi 
; nnae were o 
mously veined and with entire ie 


(1939) bee pedicels adaxially on a pinna. A ing 
ga bri : pecies i.e., Archaeopteris latifolia wa ) 
Med ase both micro- and megasporangia we fo ind ini 
P adag a Ino On the same pinna, Both pe spo 
were about Delo oe but in diameter the megasi 
ut doubli icrosporangia. micros 
eria fora inside more than a hundred anan e f 
poret ach megasporangium contained 8 or 16 me 
er of megaspores was about 10 times that of micro 


Fig. 5.2 A—Archaeopteris hibernica, leaf with fertile pi m 
B—Archaeopteris latifolia, fertile pinna with few Ee ng 
and a megasporangium (me). C—A microspore. D-Am 


Beck (1962) has shown from his discovery that Archa " 
a Callixylon (a stem genus belonging to the order Co 
Gymnosperms) type of stem with secondary wood havi 


with bordered pits. 


From his detail studies, Beck has proved that Arch 
some other members e.g. Cladoxylon, Stauropteris 
Primofilicales form a specialised group of ferns having | 
characters of both typical ferns and the members of 
(due to the presence of secondary wood and heterosporo 
—hence a group name Progymnosperms has been s : 


those genera. 
E ngiatae—Members of this subclass are ch 
RE pira sporangium from a group of initial cells, 
method of sporangia! de oe i A 
and con 3 
= cared sporangia are produced either on 
do (sometimes circular) sori re orga The anth 
“ ” les . The anthe 
d UMA) sie Generally embedded in the gametophytic 
many sperms. eer 
bclass rangiatae includes two orders viz. (1) O 
(2) e opt is represented by approximately 
species (Christense 


n, 1938). 
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5.3 OPHIOGLOSSUM 


a , commonly known as *adder's-tongue fern', belongs 
o the ei: of the order Ophioglossales under the 
Subclass Eusporangiatae and class Filicinae of the division Ptero- 


Habitat—The genus Ophioglossum 
vith about 28 species (Clausen, 1938) 
bt 45 species (Reimers, 1954) is world- 

de in ibution, both in tropical 
and temperate regions. Except a few, 

Ost of the species of Ophioglossum 
terrestrial and grow in soil rich in 


FERTILE 

SPIKE 

( SPORANGIFEROUS 
SPIKE ) 


— About a dozen species have been 
ed from India; of these the 
portant and common ones are O. 
tum, O. costatum, O. pendulum, O. . 
nicum, O. nudicaule, O. aitchin- 
. 0. gramineum, O. reticulatum, O. 
osum etc. 


Habit—A]] are 


size. Ophioglossum 

cal epiphytic species 

grows pendent on trunks 
of living trees. 


of the Sporophyte 


LEAF 
perennial herbs of 


St species 
subterra- 
ranching of the stem 


7 STIPULE 


RHIZOME 
ROOT 


otomous (P. Fig. 5.3—Ophi 
MM oN wu 


S are bo; 

Hag eaves are arranged i dune "x 
ai rity of the Species gro mg in tem er 
e growing season, but pecie: Mr 
Or 5 leaves a single se n a wing 

s x eet Variety in for nd st 

s. : lllerentiated into Petiole and anu 

an adaxia] (up qe 
MUERE ME Treni tera 

the] a ed 
cies except O Ima 1S entire ç iain e 


Bàrrow]y 
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linear to broadly ovate in shape. In O. j 
palmately incised into a number of narrow baits j 
species e.g. O. pendulum the long, pendent, linear leaves 
a length of 1.5 m. or more ; here the narrow and pen 
are dichotomously dissected. The venation of the lamin: 
reticulate ; there is no midrib but the veins in the cei 
the lamina may be more conspicuous than others. Unfol 
i.e. young embryonic leaves of Ophioglossum do not 
ptyxis so characteristic of Filicinae, here the ptyxis of the 
Each leaf has a thin and sheathing stipule at its base 


(c) Roots—The rhizome i.e. stem bears numerous 
fleshy adventitious roots. As a rule roots are borne singl 
leaf scars of previous seasons and the leaf or leaves of cur 
Roots are generally simple, but in some cases bran 
either in a monopodial or dichotomous fashion. Roots 
nently mycorrhizal and devoid of root hairs. 


The apical growth of the stem (rhizome) takes 
activity of a single inconspicuous pyramidal apical ce 
cutting faces situated at the apex of the stem. 


LEAF TRACE 


PITH 


PHLOEM eRiSTELE 
XYLEM 


ROOT 


ROOT 
STRAND’ 


A—Transverse st 
— Ophioglossum vulgatum. . C—T. s. of pel 
Fig. SIT s. of lamina ofA a diagrammatic). 
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verse section. In transverse section it shows a peripheral cortex and 
a central stele. 


868 


mainly of irregular-shaped tracheids, ^ 
the outer side of the stem. The cer 
neous, i.e. composed of thin-walled lag 
cases (O. pendulum) small strands of X 
of the species have a single leaf 
traversing the cortex without branch 
dulum, O. palmatum) have two traces 
(b) Root—The Ophioglossum 100 
single-layered epidermis, a broad € 


SPORANGIUM 


i — Ophioglossum Sp. —Singl 
P bh Ob a fertile d shi 
fertile spike sg nga 

i ithou 
epidermis is distinct ane mem hi - 
two concentric zones €. nat spac 


chyma cells without inter 
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quaqpud by endophbytic phycomycet ycorrhizal fungus ; 
| ttam ae D or leu uid cells with inter- 

wem. D_iisqt endodermis with Casparian strips Is present 
“Ge ayer of the cortex. 


waraka. It generally ran from monarch to 

ae patches alternate with moni m patches ; the 

' LI meosareh roots bave xylem and phloem 

`. other, others have the xylem and phloem 

Petiele: Wt shows a sin layered epidermis 

% "Yr fhe ground tissue is 

thie-walled spongy parenchyma, it may or may not 

ostre. A number of vascular bundles 

© semicircle are present in the ground tissue. Vascular 
mast 


is fattened and endarch in 
j the phioem lies on the outer surface. 
on 


both pen by single-layered 

; Stomata are 
Distinct hypodermis is generally 
is composed of chloroplast bearing 
with numerous intercellular spaces. 


» they are Collateral and 
bundle sheath. 3 


some species e.g. O. vulgatum, 
pe Quite fakes place with the help of 


) It (spike) is 
s: Sporangia are subs 
- be Md in two longitudinal 

Y ise tissues (sterile) 
^ Tene Tgin of th 


surf: : ere their 
— Pq According to the size 
se es from 6-20, 


l layers 
layers of cells nae 


becomes 
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Therefore each mature i 
sporangiu i 
(1,500 to 15,000) inside the ane ae spa 


division appare 
into the verti 
represents à dorsiventral di 
also adopted by Bower (1 


and anatomical data would hari 
and the other fertile. 


one limb became photosynthetic 
5. DEHISCENCE OF SPORANGIUM— After the maturity of 
sporangium of the spike opens by a transverse cleft which 
;a from ore another. 


due to dissociation of sporangia i 
special opening apparatus of unequally thickened cells (an à 
true ferns. Dehiscence of sporangi 


as seen in case O 
take place due to drying out and shrinking ol © e ster 
within the spike. Ophioglossum js homosporous Le. it 


spores of one kind. 
p. Structure of the Gametophyt 
j.e. mon. 


lossum pr 


may appear pa; 
culate projections. 
nucleus àn granular matter W 


absent. š 
f spores forming 


Germination 0! SP 
fter shedding or ma 


colourless OF pa col D 
[t ranges in shape from ovoid 
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JACKET 


EMBRYO 


ANDROCYTES 


FUNGAL HYPHAE 
( MYCORRHIZAL ) 


NECK 
CANAL CELL 


—G; r *tophyte (Prothallus 
S: —Anti ;erozoids 


) in longitudinay 
gonium, 


(Sperms 
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irregularly cylindrical to conical form is more > ( 
to species the gametophyte may be mea E pre 
branched. In O. vulgatum the gametophyte is à slender, elonga! 
unbranched or rarely branched structure which may attain @ ] 
of 6 cm. The growing apex of a gametophyte has a single 
cell with 3 or 4 cutting faces. According to species the gam 
has numerous rhizoids in the older portion or rhizoids may be 
Tissue differentiation within a gametophyte 1s little, only 
toward the interior are more or less 
older parts are usually infected with a mycorrhiz 
apical portion of a gametophyte and the out 
are free from fungi. 

is monoecious 


Sex organs—Ophioglossum gametophyte s 
homothallic. Both the sex organs i.e. antheridia (male) and are 
gonia (female) arise in acropetal succession. . 


Antheridia and archegonia 
are numerous and scattered over 
body or its branches. ] 

sunken OT, 


Antheridi —Mature antheridia are large; n 
projecting. The t j of an antheridium 


slightly convex, and 

view the jacket 

antheridium C 
m 


jacket. e rn 
ture. When the antheridium matures, 
cape through 


are formed in irregular sequence, f ) 
the entire surface of the G [inc 


disintegrate, 4 
Arche; onia—The nearly mature archegonia al 
arcetophytio tissue and somewhat shorten, of PTOJ 

i ci 


é consists of a à 
Best archego raoe is 3-4 cells in height, the 


resent), an j 

cat an as When the archegoniu matures, t 
as the case may be, disintegrate a 

i d for the entry o 


canal cells, 
to the egg § forme 


a (Symgamy) To. £6 A terti 
lization C Syne sorganised and fertili 
i n 
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in Ophioglossum. One of the hypobasal quadrant gives rise to the 
first formed root and the other hypobasal quadrant forms the foot. 
The epibasal region remains undifferentiated for a considerable 
period, but ultimately the epibasal region gives rise to stem apex, 
and the cotyledon when the new sporophyte becomes established. 
It has been shown by Campbell (1907) and Bruchmann (1904) that the 
complete development of an embryo into a self-supporting 
sporophyte with cotyledon and primary root may take a single year 
or it may require several years. 


GAMETOPHYTE 


EPIBASAL 


E FOOT 


Fig. 5.8—Ophioglossum vulgatum Y 
* Yo , 
longitudinal section," "P 'Phyle in 
E. Life cycle 


t Ophioglossunt lant. ; s 
Í *Adul (Sporophyte)" ——-»Fertile Spike—— Sporangium (2n) 


SPOROPHYTE (2N) Spore molher 


‘ " (2n) : DRE AL. | 
B GAMETOPHYTE (N) | MEIOSIS 
N A M 
| N Egg«-Archegonium Spore-tetrad (n) 
G Y 
4 M 
b d 


M. 
teas) eee Youn Spe (n) 
Sperm<— n neto gameto. 
Y Phyde (n) phyte (n) 
Subclass Leptospora 
p js ER characterised b; 
»a Os i 
m onec an late mode of 
Jority of living fer, 
I ns 
ems estimate, Leptosporangi t 


rding to 
wi 
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6. Hymenophyllaceae, 7. Cyathaceae, 8, Dicksoniace Polypodiace: 
10. Parkeriaceae. Reimers (1954) has divided this order Ínto seven Il 
1. Schizaeaceae, 2. Gleicheniaceae, 3. Matoniaceae, 4. Hymeno 

5. Dicksoniaceae, 6. Cyathaceae and 7. Polypodiaceae. E 


5.4 DRYOPTERIS b à 


Dryopteris belongs to the family Polypodiaceae of tht 
Filicales under the subclass Leptosporangiatae and the class F 
of the division Pterophyta. RE 

Habitat—The genus Dryopteris with about 150 species ha: 
wide distribution except S. America and arctic regions. 
18 species occur, all of which have been described by Bedd 
under the generic name Nephrodium; this genus is 
throughout India and occu commonly in grooves, wo 
dry open slopes. The most common Indian species 


h 9 ys . dy 
l 1 A 
F ig 5.9 Dryopter ish ix-mas. Habit of the plant bod 


„mas. Dryopteris filix-mas 1 
peste in a pharmacopoeia 
; the rhizome and frond b 


A. Structure of the Sporophy 


1. EXTERNAL MORPH re 
—]t is a short, S out, d 
a often attains a length more then 30cm 
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quely upwards through the soil surface, forming an erect part called 

x. The rhizome is covered by dry, brown and chaffy scales 
(hairs) called ramenta and adventitious roots. The lower part of the 
thizome bears persistent leaf bases. 


(b) Leaves—The leaves i.e. fronds are large which may range 
from 30 cm. to 1 m. in length, and are pinnately (usually bipinnate): 
compound. Leaves are borne at the apex of rhizome acropetally ; 
young leaves are covered by dry, brown and chaffy scales called 
ramenta ; but the mature leaf bears ramenta towards the lower part 
of the rachis. The younger leaves at the top of the rhizome exhibit 
circinate ptyxis. Each segment i.e. pinnule or leaflet has an Open 


OUTER CORTEX 


INNER CORTEX 
AM 


wn) 


, Fig. 5.10—Dryopteris 
xL filixema: Š 
Š is not shown. B- Trana rie coils fertile frong (leaf 
x C—T.s. of petiole of thea n of rhizome (qis af) upper part 


fe) 
E f (dia ,agrammatic) 
(€) Roots— ES Srammatic). . 
branched henge NS oi adventitious, they are 
pith a mass of such adv pa ome (stem) beco Slender an 
> al and bra 
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three adventitious roots devel 
op att close | 
attachment with the rhizome. nio e et de 


2. INTERNAL MORPHOLOGY ANATOMY OF THE V G 
( ) 


(a) Stem (Rhizome)—A transverse section of the rhizome 
a distinct single-layered epidermis and a thick zone of cortex 
the epidermis. The cortex is divided into two regions e.g. 
cortex composed of lignified cells and inner cortex composed 
walled parenchyma cells.. The vascular cylinder is a typical 
stele formed by a number of meristeles broken up by nume: 
gaps. Those meristeles are arranged in an irregular rin 
embedded in the ground tissue. In Dryopteris the stem 
surface of the rhizome is completely covered by the leaf bases, 
no definite internodes are formed. So each transverse secti 
rhizome cut at different levels is surrounded by the leaf ba: 
shows numerous leaf traces entering them obliquely from the 


(stem). 

Each meristele is round or elliptical in shape ; each is - 
with a central mesarch xylem mass in which there are one i 
small strands of protoxylem consisting of spiral reticulate ` à 
and metaxylem consisting of scalariform tracheids, m 
chyma is present in both the xylems. The central xylem 
surrounded by a phloem patch composed of small vr 
larger phloem parenchyma. Each meristele is surround ir 
layered endodermis; the outer endodermal layer is E t 
the usual structure, but the inner endodermal layer is Indisa 


ble from the pericycle. 

(b) Root—Transverse section of 
superficial pili 
stele. The epi 


Cortex is differe 
posed of thin-walled parenchyma and 


ick- lignifi 
of thick-walled and lig fed esent as in 


with Casparian strips 1 t 
icycle follows the endo ermis, 

pee The stele is diarch with exarc 

(c) Leaf—(i) Petiole (rachis) : 


large 
transverse a larg 


an adventitious pe^ ho 
, a broad cortex an 
d is provided with root 


section shows à 


et (pinnule) 
e d layers, 


upper epiderm 
varish cells 
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; Ei 
generally concentric or bicoll dias: 
of collateral type. icollaterah. but bi ae idi 


Apical growth of the rhizome takes place by the activity 
large tetrahedral apical cell which resia cuts oft segm its fro 
the lateral faces. 


3. VEGETATIVE REPRODUCTION—As ‘the progressive de 
decay of the older part of a rhizome reaches a branching : 
mately passes it, two separate branches may form—each of 
continues growth as a separate i.e. new individual. 


4. REPRODUCTIVE ORGANS—When the vegetative ie. 
leaves become mature, the sporangia are produced in group: 
sori on the under surface of the pinnules of some of the 
fertile leaves are then called sporophylls, specially to dist 
them from ordinary vegetative leaves. So there is prac 
difference between the fertile leaves (i.e. sporophylls) and s 
(ie. vegetative leaves) except for the presence of spo 
former. In Dryopteris filix-mas the sporangia are grouped 
ther in small, distinct and kidney-shaped sori which are b 


NE. 


SPORE— OG... Ou y 


¿a mas. Dispersal of spores from sporani 
dii picem and snapping back of Mie 


ig. 5.12—Dryopter 
Fig. +" stages (A—C) int 


of the pinnules of Rd 
i are arranged in two short rows, on 
be midrib of a pinpule. o; 


under surface 


pinnules, t 


of the median vein i E may develop alto 


only one oF and is covered by à kidn ind 
f tissues forming | 


i sorus. od 
ture rotecting the e of a sorus 

shaped abet rade ( placentum ) in he ue an irregu 

in a placent umber of sporangia agers 


placentum * 
arrangement. ium is leptosPor 
orangium 1 E iR 

The development OF ors a single superficial 


rangium OF) | 
sporangial initial 
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€ mature sporangium 
contains 64 or less dark-coloured haploid spores. These spores are 


formed from the diploid spore-mother cells as a result of meiosis. 
Dryopteris is homosporous i.e. produces one kind of spores. 


5. DEHISCENCE oF THE SPORANGIUM—Th 
shrivels as the spores within the sporangia m 


trying with it j 
wall and larger number of the contair oa 241 the 
s the cells of the annulus Ty due to water loss 
er, there is a sudden release of th tensi 
je annulus)—as a result the annulus suddenly aie back agai i 
riginal position thus ejectin (Fig. 5.12 °C) as 
* 3.12, C), 


Spore is the first cell of ti 
are all similar i.e. th hp - ay Tu 5 Dryopteris Spores 
om 


Porous, 
es a monoeci There- 


eg. a hard, brow nd irre ex 
ula. i 
thin inner endospore (inting, eken 
. The spore germinates 
S Conditions Of tempe 
©XOspor, Tupt dg ire 


880 STUDIES IN BOTANY 
wings are one-cell in thickness but the central part, specially 
region posterior to the apical notch may become l 
of cells in thickness. Each cell contains a single nucle 
large number of chloroplasts, intercellular spaces between ` 
are absent. The full grown prothallus measures } to} 


"aun 
EA 


sex: 


CEA 
TPR 
aS 


— 
ey 


OS 
çI 


= 


Fig. 5.13 D d rgiheridium. C 
gonium 
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- diameter. From the ventral (lower) portion of the prothallus slender 
-rhizoids develop from cells, specially from the cells of the posterior 
portion. A few short unicellular hairs also develop from the 
margin of the gametophyte. 
The prothallus is monoecious and bears both (male and female) 
Organs. The sex organs are produced on the ventral (i.e. lower) 
u: Prothallus ; the antheridia (male) in the basal or 
lateral region and the archegonia (female) upon the massive cushion 


ind the apical notch, Generally the antheridia appear 
_ before the archegonia. 


ostill the thin membrane which is a portion of the 
ae . 


water an 


c. "WA : 

Ea ees pe fertilization the ventral canal cel] 
> Isintegrate 
~ -4gious mass, This mucilase Sells and ne t Due info a 


TS a pressure on 


Di 
embryo, iffesent Stages of deve 
y lopment of the 
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the neck—as a result the neck o i which fil 
1 pens. Th 
canal now begins to extrude at the mouth of the PA onial neck 


Fertilization generally takes place i thallus is | 
by rain water. The discharged gud bao the Lh 
opened archegonial neck contains some chemical su ; 
malic acid which attracts by positive chemotaxis the fi 
sperms ; these sperms penetrate the neck, pass down the 
and reach the deeply seated egg or ovum in the venter. 
many sperms enter the archegonial neck, but usually 
them penetrates the egg nucleus i.e. fertilizes the egg. 
fertilization takes place, the zygote (2n) or oospore 
The zygote secretes a wall and begins to swell within the 


D. The young Sporophyte (Embryo)—The zygote | 
by a vertical wallinto two cells, next another vertic: 
right angles to first takes place ; this is followed by a tra 
division, as a result a 8-celled (octant) proembryo compo 
upper and 2 lower quadrants is formed. The anterior 
embryo lying towards the apex of the gametophyte 
region, and the posterior half pointing towards t 
gametophyte is the hypobasal region. First-for 
cotyledon (leaf) arise from the epibasal portion, ! 
and haustorial foot develop 


of the archegonium gives ris J | 
the cotyledon grow more rapidly and thus rupture the 


calyptra ; generally the first organ to break through 
js the root which grows horizontally for sometime ane 
downwards to make its way In the soil. The cotyledon 


next turn upwards and come out of the notch 
independent young sporophyte. 


E. Life Cycle 
— Dryopteris s.——  —sporophyll—— 3: 


| ( Sporophytic plant, 2n) 
| SPOROPHYTE (2N) 


Emb rf an MEL 
E GAMETOPHYTE(N) on ` 
N : thallus 

x G [T8 ium (6). < qametophytic germ 


(n) mium (0) i plant body, n 


(0) 


55 POL YPODIUM ; 
Polypodium belongs to 
ora Eilicales under the snbeles 
Filicinae of the division Pterophyta: 


he family Polyp 
Leptosporan 
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ies of Polypodium are found in tropical, 
_ Habitat—Most of the species of Polyp 


ly and exposed places as well. 


- subtropical and temperate regions of the world, and generally grows 
ps 


ç Accordi Christensen (1938), the genus Polypodium contains 
. about 50 on: of these 25 species occur in India. Common 


Habit—AIll are small to medium 


_ sized perennial herbs with creeping 


or erect rhizomatous stems. Some 
species are epiphytes. 


A. Structure of the Sporophyte 


(plant body) 


l. EXTERNAL MORPHOLOGY OF 
THE VEGETATIVE ORGANS— 

(@) The stem is a branched creep- 
ing or erect rhizome, the major part 
of the rhizome is subterranean but 

‘the apex remains a little above the 


= soil surface forming an erect region 


known as caudex. Caudex bears 


- leaves and also dense Scales, brown 


(ramenta) and adventitious 
Toots. The rhizome also bears per- 
sistent 


and ramenta. 


_ (b) Roots ate adventitious, arising 


from the lower surface of the rhi- 


 Zome in acropetal Succession. The 


; ig Of the root is monopodial. 
(o arte are spirally arranged, 


tely compound. _ Youn: 


Species are P. decorum, P. obliquatum, P. cucullatum etc. 


> '—rhizome, 


y 
Tranged i 


S Surrounded ` 


gafe i 
sp —Ssporophylls ` Y Sori (s), 


y an 
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endode 

WIR Aare ae a layer of pericycle. Withi pi 

protoxylem Zem; ne surrounds peu stele the 

aren ° phloem consi : nadro 

Leaf rin b: xylem consists of tracheids, ek 
undles are present in the cortex and xylem parent 


Fig. 5.16—T. s. of Polypodium rhizome in part). st—steles 
sl—lignified parenchyma ber Patt eae 
toxylem : x—xylem , ph—phloem ; pe—pericycle ; en—ene 


(b) Leaves are jsobilateral with both collateral 
bundles. Mesophyll tissue is composed unifo ; 

arenchyma. Both the epidermal layers are provided w 
achis i.e. leaf petiole possesses a single horse shoe-shap 

centric vascular bundle with exarch xylem. 
(c) Adventitious roof possesses & super 
epidermis, a broad cortex and a central protostele with exal 
h. There is a single-layered endodermis p 


Stele is diarc 

strips on its radial cell walls. Epidermis is provid ; 
Cortex is differentiated into outer cortex composed of 
parenchyma cells and inner cortex composed of thic W 


cells. 

Apical growth of the rhizome js like that of Dryoj 
article 5.4, page 878). 

3, VEGETATIVE REPROD 
article 5.4, page 878)- 

4, REPRODUCTIVE ORGANS— ; 

Reproductive organs a phylls. Vegetal’ 


become sporophylls when 
ia Í ri: There 


£ 


ucrioN—Same as that of Dry 


a 


e. 

on into foliage [ 
the function ofp 
]ly roun 


l ium, the sori are ty 
In Po pod side of tbe leaf (sporoph 
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+ 

t on the veinlets or at their bases forming a regular row on 

each side x ie ater or pond leaf blade. Each sorus is naked i.e., 
mot y an indusium and each consists of a group of Sporangia 

| Which arise from a central placental tissue (placentum) of the leaf. 


Fig. 5.17— Polypodium Sp. Vertical sectio 
asorus. pl—placentum ; Grape through 
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For the description of sporangi j 
) gium and method of s 
refer to Dryopteris (art. 5.4, page 879). pip 
sporous i.e. produces one kind of spores. 3 
5. DEHISCENCE OF THE SPORANGIUM— that ` 
refer article 5.4, page 879. RU 
B. Structure of the Gametophyte—Spores are of 
Polypodium is homosporous. Spore on germinatio: 
type (monoecious) of gametophytic plant body 
prothallium or prothallus. 
For further description, see Dryopteris (article 5 
Antheridium—Refer to Dryopteris, att. 5.4, page | 
Archegonium is similar in structure to that of 
page 881). Neck consists of few neck cells anda 
cell, and venter consists of a ventral canal cell and à 
C. Fertilization—Refer to Dryopteris, art. 5.4 
D. The young Sporophyte (Embryo)— Zygote or 005p 
through series of divisions into an embryo cons 
foot and root (refer the case of Dryopteris). 


E. Life Cycle—Polypodium shows distinct. alterna 
phytic (diploid) and gametophytic (haploid) generatio 


— Polypodium plant——Sporophyll 


(Sporophyte, 2n) 
SPOROPHYTE 
cx (2n) QN) 
Se GAMETOPHYTE (N) 
N ; 


| Egg («—Archegopium, llus ——— 


Zygote< A T5 ameto- 0n 8 
fan) Nen (n)«-Antheridium Ee per 2 


plant 


5.6 PTERIS 


il 
is belongs to the fam! 
under. the subclass Leptosporan 


division Pterophyta. 


y Polypodiaceae of t 


he 
giatae an class ' 


Habitat—The ge 
ew cool, damp and sa p 
tropical regions of the wor di 
from India, O which the is 
P. longifolia, P. ensiformis, £- 
— species are 
cet rizomes € covered by scales. 
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—— (| EXTERNAL MORPHOLOGY— ; 

— (a) Stem is the rhizome which in some species é.g. P. grandifolia 
nay ig and creeping or in others may be short and erect e.g. P. 
"folia, P. cretica etc. Rhizome bears flattened scales and these 
‘ may be accompanied by simple i.e. unbranched hairs (ramenta). 
= (b) Roots are adventitious in nature, and develop in acropetal 
“Succession at regular interval along the rhizome. p 
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type of venation. Leaf bases are also provided with flatten 
and may be accompanied by simple i.e. unbranched 
ramenta. In P. longifolia (a common garden species) 
pinnate compound with an odd pinna (leaflet) at th 
pinnae are broadly lance-shaped and sessile; about 20 
are situated on each side of the rachis. The venation 
first and then forked. 


2. INTERNAL MORPHOLOGY— 


(a) Stem i.e. rhizome in transverse section shows 
epidermis, a cortex andastele. Cortex is differentiate 
cortex or hypodermis composed of thick-walled cells 
and inner cortex composed of thin-walled parenchyma c 
the stelar structure ranges from typically solenostelic 
complicated polycyclic dictyostele. P. grandifolia hav 
rhizome has a solenostele ; but species having erect. 
rhizome have polycyclic dictyostele with overlapping le 


» 
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re 
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i29). 
PA 


Indusiut ç ¿angium 


e in transverse section. 


A—Rhizom ition of sori. | 
Fig. 5.20 — Pteris $p- wing the positio 
portion o! fe mn mop sori, D —Single sporang 
f Dryop" 


is like that O 


b) Structure of root s 
ly a single bundle 18° 


5.4, page 876). 
(e Leaf— 


There is on 
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T i i is (refer page 
luding the leaflet are like those of Dryopteris ( r 
to. rm zs of the rhizome is the same as in Dryopteris. 


3. VEGETATIVE REPRODUCTION—Similar to that of Dryopteris 
- (refer art. 5.4, page 878). 


4, REPRODUCTIVE ORGANS—These are sporophylls. With matu- 
rity the vegetative i.e. foliage leaves become sporangia bearing fertile 
leaves called sporophylls. In Preris, sporangia are also produced 
in groups i.e. in sori. Here the sorus is continuous along the margin 
forming a linear sorus called coenosorus. Coenosorus is not 

uced near about the apices of the leaflets and its continuity may 
interrupted by the sinuses. The coenosorus is borne on marginal 
ng vein and is only protected by the scarious reflexed margin 


of the leaflet, which forms a false indusium ; the true indusium is 
totally absent. 


cells at A side and a thin-walled zone kn 
- Other structures are simila i 
8) similar to those of Dryopteris (refer 


5. DEHISCENCE oF SPORANGIUM—As in D, i i 
ke $79). Asin Dryopteris (refer article 


B. Structure of the Gametophyte— Simi i 
Geet ean Eu ophyte—Similar to that of Dryopteris 
c. Fertilization—Like Dryopt 


eris (refer article 5.4, page 881). 


Order Marsileales—This is the s 
econd ord . 
—À-—EE a single family Marsileaceae. Thos, Sebelas ¿Eeptosporangiatae 
three living genera e. semiaquatic ferns 
- North Ace eosmopolitan; (2) Pitufa (I) Marsilea, with 


: Species is i i 
frica, and (3) Regnellidius, tias 


this order are heteros 
‘ 1 porous 
Sori; the sori, 2 to y in err 


apo d megasporanpi 
| dia > aree i Hal 
is DN Par. The Sporocarp wal is inte ed Within ‘a bight 
Ë" " 5.7 MARSILEA (Water fern) 


8s a highly 
.. Marsilea belongs to the fami 
° ily Marsil 
a ileac 
nder the subclass Leptosporangiatne te Order Marsi. 


Members of 
Are grouped in 


ES the division 
nus Marsilea is World i 
Ty common in er nate in distributio ; 
r n, s 
in temperate conditions, ^ "tl s world aj Ane 
ies 


arsilea 
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are aquatic or amphibious plants— they grow 
submerged in water, or partly or wholly out of wa 
embedded in the muddy soil. (y 

There are about 58 living species (Gupta, 1962) of 
India, only 9 living species occur of which the most 
is Marsilea minuta ; other Indian species are M. qua 
M. aegyptiaca (Gujrat, a xerophytic species), M. 
brachypus.(Tamil Nadu), M. condenseta (Rajasthan 

Habit—All species are rhizomatous herbs with 
or just below the soil surface. 


A, Structure of the Sporophyte (plant body) F E 
1. EXTERNAL MORPHOLOGY OF THE VEGETATIVE Ol 
(a) Stem consists of an elongated stolon-l 


sp. A —Plant (s T 
Fig. 521 Mar owing actual arranger 


> 


` 
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distinct nodes i i face 
i odes ; rhizome grows either on the ‘sur 

of the soil E MANI embeided in the muddy soil; it is is 

ranching is axillary or lateral. Internodes are generally 

"wery long, specially in case of aquatic species. 


mally united forming a loose net-work. Leaflets are 
*bcuneate or elliptical in shape and 


; arrange- 
ment of individual leaf in bud condition (ptyxis) is circinate. 


(c) Root—One or more 


branched or unbranched adventitious 
roots usually arise at the nodes 


on the underside of the rhizome. 

2. INTERNAL MORPHOLOGY OF THE VEGETATIVE ORGANS 

| (a) Stem (i.e., rhizome)—In transverse section the mature stem 
Ae. rhizome shows the following structures :— 


: (i) Single-layered epidermis without stomata. 


C 
XC 
Endodermig X 


t 22— Marsileg Sp. A— 


is, i i J 
uter endods Scl Sclerenchyn; transverse section : 
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(ii) Cortex—It is differentiated into sever V 
most region composed of parenchymatous E a 
and prominent air Spaces—these air spaces are interspersed 
rows of cells ; (b) middle region consists of few-layered, | 
fibres (sclerenchyma) and (c) an innermost portion 
compact parenchymatous tissue containing starch. 


(Hi) Stele—It is amphiphloic siphonostele (solenostelic ty 
limited externally and internally by endodermal layers 
central pith. 


(iv) Pith is generally parenchymatous but in case 
growing in dry or wet soils, the cells of the pith become 


(b) Root shows in transverse section (i) a single-layered 
(il) cortex, composed of outer parenchyma with promin 
and inner zone of sclerotic cells, and (iii) diarch or monarch, 
with exarch xylem. The phloem lies in the form of bands 
side of the xylem plate. The stele is surrounded by a sin 
pericycle and an endodermis. 


shows cortex like t 
V-shaped xylem. Xylem is surrounded externally by p 


pericycle. 
3. VEGETATIVE REPRODUCTION a 
i i i ial vege y 
In M. hirsuta (an Australian species) specia 
tive structures known as tubers are developed fone 
(Parihar, 1961). These rd are imd ys MR 
with undeveloped leaves— 4 
oti condition and each germinates into a new 


favourable conditions. 


4, REPRODUCTIVE ORGANS E 
Marsilea is heterosporous- Two types o Ra ; 
megaspores develop within the respective sp 


i ture 
are borne within specialised reproductive struc 
sporocarps. 


orangiate 
ture of the Sporocarp—Sporocarpe amd we 
un th mega- and microsporangia. SP ada 
pag ^1 cluster on short lateral be ie 8 
es + = edicels (one or more) aro altar 1 
Peiok * oe. directly to the petiole m inei 
cta “than one pedicel may connai E 
Young sporocarps are soft, green an 
sporocarps are hard, brown an! 
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or rectangular and bivalved structure with a thick resistant 

ui Beyond the raphe i.e., the fused portion of the base of the 
K and the end portion of the pedicel, sometimes two tooth- 
Structures known as horns are present. Each valve is hollow 
and bears a row of elongate sori attached to a coiled gelatinous ring 
their ends—so there are two rows of such sori, one in each valve. 
sori of one valve alternate with those of the other, but all are 
close together and overlapping. The number of sori inside the 


Sporocarp may range from 14 to 20. The sori extend transversely 
to the long axis of the sporocarp. 


Each sorus is elongate and covered with a delicate sac-like 
Structure called indusium. Each sorus consists of a ridge-like receptacle 
bears along its top a row of short-stalked megasporangia and 

many /ong-stalked microsporangia around the sides of megasporangia.. 
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EN x Fig 5.23—Marsileasp. A 
; 2 dinal). B S. L. s. of the spor z x 
a of A ES ation of the sborocan, SSS in horizontal plane 


al structures in detail, SS plane as that 
Á Micro- and megas us, 
 Short-stalked tespen; POrangia are mo 
i pective re or 1 
Jacket cells without fess and both are sss globose, 1 
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layers of cells and sporogenous tissue. Withi i 
16 microspore mother cells are formed Mis ue 
all of which by two successive divisions (one of wl 
give rise to 64 microspores. In case of megasporangium 
pore mother cells (developing form sporogenous tis 
disintegrate, the remaining one by meiosis gives rise to 4 
Of these four megaspores, in all species, only one megaspo re 
(Gupta, 1962)—this surviving megaspore becomes larger : 
a very thick wall. As soon as spores are formed, the 
gametophytic generation begins. i 
Mature sporocarps get detached from the plant and they 
water or muddy soil. Sporocarp opens in water i 
along the ventralside from base to apex. Sometimes 
of the sporocarp may belong delayed. The coiled gel 
like structure absorbs water, swells greatly, comes oul 
ruptured sporocarp and thus drags out the sori which ares 
to the gelatinous ring. X 


B. Structure of the Gametophytes—Both the types 
are liberated from their respective sporangia when thej 
sporangia and indusia undergo gelatinization, After the 
spores, they remain embedded in the gelatinous matri 
tion of microspores and megaspore starts as soon as 
contact with water. | 


1. MALE GaMETOPHYTE—Microspore is the first | 


. Each microspore is globose and 
male gametophyte p globes Mes 


a faint tri-radiate ridge. Microspore germi nediate 
a liberation from the sporocarp and the spomin B 
a small prothallial cell is cut off at one donc T ga 
apical cell—apical cell then divides transversly for ig f 
each of which represents an antheridium inue. ane 
each of the antheridium initial divides and redivi ee 
of three external cells and one spermatagenme 
androgonial cell ; each primary androgonial 7 
divisions gives rise to 16 androcytes or sper 
stage the jacket and the prothallial ce 
masses of androcytes represent ae b 
riginal spore wall. Next Eyed 
the or Singola; spirally coiled ane or screw-like 
are finally set free when spore wall bursts. 


. FEMALE GAMETOPHYTE OR 
is as first cell of the emis (oe 
is tetrahedral, oval to ellipsot d dr 
a short apical papilla. The oer d gasp 
composed of four st. p nucleo two nequi 
the apex; this apical nucleus ivi strom the lone 
upper smaller nucleus is cut off by a wa ; gt y 
1 viz. —endospore, inner layer of epispore, prims i 


outer epispore proper. 
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n forming a small apical cell that lies within the papilla. The 

nucleus remains within the lower portion forming a large basal 
well. This basal cell contains abundant food materials and functions 
as nutritive cell. Gametophyte proper develops from the small 
apical cell. Mature female gametophyte is a very reduced structure 
and it consists of a single archegonium embedded in a cap of tissue 
attached over the apex of a large basal nutritive cell. The 
x fchegonium is short but broad and consists of a neck of two tiers 
E" cells each, one neck canal cell, a ventral canal cell and an 


Antheridial 
$T initial 


? Larger 
cell 


L H Primary 
Androgonial cell 


E Fig. 5:24— Marsilea s 
r p. A—L, 
"Stages of the development o B-D —Different 
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) gametop 


= Young sporophyte in 1. "x 


d 7x. th y one enters 
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E. Life Cycle :— 


Marsilea plant — M egaspora! 


~»Sporocarp 


(Sporophyte, 27) Microsporangi 
; SPOROPHYTE " [65] "d 
Young sporophyte pe E 
n) mother cell (27) m 
fesseseseteese siete | 
*....... S T í E I [0] s 
Embryo (2n) š GAMETOPHYTE Microspore- 
š (N) tetrad (7) 
Y /Sperm<Anthe-<-Male<-—Mi 
et n ridium moros E PAN legaspor 
(2n) A m o T 
Femalee-———— — - 


MNEgg«-—Archegonium«- — 
Y (n) gametophyte (7) 


Morphological nature of the Sporocarp of Marsilea—There 
interpretations regarding the morphological nature of the sporo 
These two interpretations are that the sporocarp is either 
nature. Laminar nature of the sporocarp of Marsilea is supp: 
(1872), Busgen (1890), Campbell (1892, 1905), Bower (1917), Goel 
(1936), Takhtajan (1953), Pari and Garg (1953) and Smith (1955). 
of the sporocarp is supported by Johnson (1898, 1933). 

According to the followers of laminar theory, the sporocarp it 
modified fertile segment developed from the lower part ofa. 
of this leaf segment i.e. laminar theory explained that sporocarp is 
to an apposition of two pinnae or due to an enfolding of 
According to Campbell and Bower, the leaf of Marsilea is @ P 
one in which the pinnules have become füsed with one another. 
stand point of anatomy and ontogeny it seems that the sporoca 
segment of the leaf. Eames has explained from his critical 
sporocarp is morphologically comparable to the leaf with i 
that the body of the capsule represents y 
chief vascular strands into the sporocarp provides the strongest © 
species, two weak or vestigeal vascular S 


at the base of the sporocarp—this strongly ed 
f The main vascular h 
appe h and thetwo branches o! 


supplying the two 
support the laminar natu 
ana pormal leaves and sporocarp in 
are large and 


cases the distal leaflets à 
or less tooth-like. 
of two distal Jeaflets and two great] 


compose confirmed long bore that he wt gil 
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But the main puzzle regarding the nature of the sporocarp lies in a question 
ber these two distal leaflets are brought together upward or downward. 
been stated by different workers that either (a) leaflets are folded ventrally 
that is their position both in ‘sleep’ and developmental conditions, or 
) leaflets are folded dorsally because sori are enclosed and they (i.e, sori) are 
borne on the ventral surface among ferns. But from a detailed study of 
structure and orientation of the vascular strands of the leaf and the Sporocarp, 
h confirmed that there has been enfolding of the abaxial face (dorsal) of the 


` Smith interpretates that “the sporocarp is like an enfolded pinna of a homo- 
»rous leptosporangiate fern with graded sori which were borne abaxially on 
leaves and were surrounded by an involucre-like indusium—a condition like 


A members of Cyathaceae.” 


ie 
_ According to Takhtajan “the sporocarp of the Marsileales may be considered 
a more specialised fertile segment ofa leaf of the type common to Schizeaceae”’, 
Af reviewing all the available literature Puri and Garg conclude that “the 
 Sporocarp is equivalent to a single leaflet which consists of as many pinnules as 
` the number of commissural bundles', the latter forming the midrib of the former.” 


“homologous with 
branch of the leaf in which the 
instead of lamina.” 


. The Sporangia 
The development 
us cell. 


€ means Suture ; the i 
©. commissura] bundle meee of a ca as 
"leaf. l me Tpel h 
eal, two bundles are calla Pundies (two) on ee 


commissura] bundles i 


"Djuaum4 pue 
sasog v2] yuo} 
-Sisiod UHA poi 


"Ejuouit1 Sur -2402 t pauoueiq 


-UJOJ suey pouo 4j3uivds ‘(xap 
TUEIQ pue səjeəs -nvə) xəde 32019 
Sivoq YoIyM əwoz YIM ƏulOZIUI 
"ui 


utouelmj Uuvoueljqns “pap 
"Qus SE urə)S Z -unoitst WAS Z 


"euioziq1 Suidoo15 `sə)Kudrdə o1e 
pue juSrens 'Suo[ oulos— suiejs 15219 
Jo jIOUS UHA io 3urdool UHA 
Sqioy eruuojeq -[ sqioy peruuejoq “| 


sua unmpod&jog 


pjjaurBojos tun 
sHƏ)d put mnipodá[od ‘BAIL ‘umjasinby *sə1əosyr ‘enueg *umrpodoa&7 Jo saj&qdo1ods aq) Jo JUNIE 24nvaeduio 


"[p4210] 30 Aaj] 
-1x0 si Sumnpueiq 
*peuougJq  :sopou 
-IojUl pu? sopou 
jounsip Wits 
T  pajurf pue 
pepunoaa “o X1] 
-UO[O)S snojeur 
-OZIYI St uS `Z 


'Sqi9u 
snoiqriudu e 
Jo onenbe suid 
-3349 [RIUUDIOg ` 


v2]1s40JAI 


pue 
Dust anne v) 
—"AA- səd41 
944 JO soous 
Tere 39910 go 
SOAS Wozy 
“‘paj4oym sı Sut 
-Qouelq f owoziyi 
peuouejq yonw 
'‘paujof ';injuoz 
401 *popunoa 
SSO] JO orou 
‘papia St WAS `Z 


*s]ooys 
]I?!19* 72242 


W^ sqiou suid 
72849 jDiuua4aq “I 


wunjosmb3 


IA HildVHO 


740140Z 14 SY sad 
TOMO] SY} ya 
Ws 7Da4 oy 


St sixe pəqo[ ou 


*yuosoid 


91* sasoydoziys 

JO yed seddn :;njə]D] 40 snow; 
241  Agpemoe -oyarp st Sutueiq 
foinje?u u “payouvaqun 10 
snojvuoziy4 10 pououeiQ :jpj/ 
14400. "OXipSIXD Sı — jwayuaaisoup 
snoiaqn} poqo[ 


* 3əpuə[s pue 3uo[ 


ET SI WAS "C ‘Jem st ums +z 


"sjueld 
UOIUO pm 
Jo sejd ex "sq1ou 3urquijo 
-Sse18 pon) aq 1o 19319 5213 -qns 
»UI9891: 79242 “SQ  *'2jD4jsoud *Jonuup 


-39Q]b;uu242d ^| 10 poluadag `[ 


730019 pue q3 
-dn oie soysuriq 
Su) jo ouios ‘sno 
-cU0j02;p Si Suo 
-ugg < poupueiq 
*snojeuozim pue 
Papunos  ''xopuois 
EN WS "Ç 


"sey udida 
Sounsuos :sQiou 
152312-mums 10 
39939 *2uipma qoju 
-u2a4ad ore syuv[d ^t 


—Bojoydaou pousayxq 


$21205] 


(ean 989A) 
Apog yuri 

ipodoo€1 

D v9 


*yaavxXa WAX 
feppunq  ie[noseA 
214ju2204ppt € SI 
e[ojsojoud goes— 


"9d Ay 
ajajsodjaip 211942 
-Kjod O} ajajsou 
-ajos WO} SƏBULI 


gjais eu —sed& ( ajazsodjaip ) ajay 
juologip JO sojojs -sozoud = ayjagsdjod 
SAOUS WG 'ç smoys W97G 'ç 
"u1o]s 

oy} Jo soRjins 

JMO] əy} Woy 

anp Zuse “snonnuəA 

-od«]og OT 'p -pe 91 sjooy p 
"270019412 

(sixK1id) uoneumA 

*əjDul241 “! smowojoyrip 10 


apma durs 
Jogo st UONVUJM 
'Kjmaids. poSovaae 
!pjuiuD) W!A^ 


(sixMid) uoneu^ 
'uoneuoa^ jo od4 
ammas — poyaof 
qm popraod pue 
97210300 


i 
i 
š 


-ap 30 punodwoo : 
b;ipuu)d x" 
qe $2^T2'] Y 248 


7211042]28 
1O  snojuduua 
-wd VYP st uq 
‘sacods 410 YIM 
X91100 “24DxƏ 
SI UojÁX ‘ajajsouoy 
-dıs a10jydiyduio st 
unos 3y} JO AAS `ç 


"eurozi1 ou) JO 
episippuno y} uo 
səpou j? Əəuioq ‘po 
-Qouelqun Jo pays 
-ueiq “snonnuəA 
“pe oe sjooy `P 


*240U12 

-412 (sixK1d) uoneu 
=1ƏA {sujaa pououviq 
Á[snourojogorp 
dupu qim yore 
!sətunəuros  poqo[ 
pue joonydiyja 10 
9]v2um2qo 'əjraoqo 
‘mof AL  Sjogeo| 
fouoziui oui 
Jo əwæpns Jəddn 
ap Juoje $^01 
Ow) ur Ajayousasjo 
posuruwe 'sopou 
aq) 18 dojaaap “pa 
-yms Suoj "any 
qumedwoo — mui 
Jed ose WATT] `ç 


men 


Wax £jvuvə jou  sojenm aym 
-1409 g ym yora joke] ureo[ud əy} 
pue D22002  episjno sdo[o4op 
ore Sso[punq INI ¿wqniquuo :1/24U4 


aie sa[o1s 
lO ƏS uorg« jo 
suvaur Aq  anjm2 
-2QU4j CUI pay -sojdey pəxiur 10 
-Ipour sr; siuJopo Ə|°]sol93jd “ANS 
£ gjajsojosd -Oumjot) 9[ojso]01d 
o1J21s«j]od -ouou SI (9UO) 21/01$0u0tU SI 
tuə]s ou] JO e[o)S “¢ urə;s IY} JO IPS 'ç 
—4Sojonydíour jpu42]uT 


"ijabjod t 124 
-pxə WAX “(2191 


*sa40tdoz1tJ4 OU} 


"219 ayy uo 
SnonnuoA ouloq  'snonmnuoA 


“SPA ‘Sula Jopou -124 JO Qoieucur 
qua ajajsouoyd | i:5240x2 WƏJÁX -puə 
-i$ Oj0]udojo2 sı 'epojsojoid omo? 
Wajs ou) JO IPS *¢  -souour SI IŞ "C 

*sonouv1q "peuoueiq 
pue u2js oq] Jo oseq Á[snourojoqorp 
əy woy odoy ‘ydsouloziysayjsuo fo sdi oy) 18 JO 
-o^op  fpououeiq  JoplO/D2d042U U| wass 21] u0 oUIOQ 
yonu  'snonnuoA  9sHe 'snonnuoA pue 


-pe ome sjooy 'p -p?or sjooy ‘p 


“pe em sjoow p 


-pe or? sjooy ‘H 


*SIXB OY} Jo 
ued ddn əy} 
SPI8MO} o[orosuj 
“usqo v Sutruioj ‘SMOL 
epnfip ! sot uy joyds  2s0]2 joujpnuñuo mof 
posure: (snoysyd v ur  posSuvuv ur 10 4jJD4ds 
-o1our) ozis up ayyo — 'AJ[vorfopoudaour poueze ‘S2215 
t! peəys v uJoj O) 2yjp 938 e oou fo JO ezs ut 
qpm4o;] posmf qu ‘amm 'pedeus oye [1B J944 
-puu ojSur © yim: -JMD put? svauyy 12/0 mj] “aj0A0 O) 
pur ex-opeos ‘ISSI "(um L-Z) ajnjosowp] puv " 
*opssos ‘ows ‘od Suoj ‘op dws opssos ‘ews ‘od š 
-uns ae SIAB 'ç FFU SABI] E -MIS ƏJU $2AVOTT '£ Y 
“pmossnf pur 
ym raand, bow 
səpowəy ! sopou 


“uinjpoddjog 

jo wy ey] L 

"unip 

-odíjod  oxv] '9 
sl421d 


"pedeus-3uo5 
-5919 'OM) 10 ouo 
pueijs uo[ÁAx 
:Uo)js OX] səp 
sung  iv[nOsEA Ol 
-uəoooipeu SM o qs 
9[oueq — '2744422u02 
pue 1043101109 
qq ə saypunq 
Je[nosvA ‘pajon 
-uasafip sı oss 
ll&qdosour — jəgeə[ 
10 t?urue[? u[ 7 


"i[4bjp £ qo1exo 
wəáx 'ojojsojoud 
^Ous sjooy 9 


unipod£joqd 


“(ped 
TEUS-A) ƏləƏ)sojoid 
Tenur) — sMous 
eS|oned £ 274u22 
7402 put (ubiu oie 
Se[punq  i1v[noseA 
*sonssn Kšuods 


TOMO] pue opusil[ed 
Joddn oj payoy 
“uadaffip Si PLA 
JO Iíydosw “¿ 


“yoavip £ qo1exa 
wəjáx “ələlsoloid 
^Ous sjooy “9 


D9|1540JAI 


“1042101102 
‘asus Ə|punq 
Je[hoSEA “(%) paz 
-DHuo4affip jou st 
TAydosow jeo7 `; 
‘padadv]-om] St siu 
-Jopopuoa ‘yorexo 
WI3]AX — 55240412] 
91 -144 *Ə|ə1so1oid 
moys s}ooy ‘9 

"^044nf qova 
0} Suipuodsaios 
S! Yoea— səntaeo 
4Ujn22]]UA Wy 
Ppopiaoid st pue 
Pedojaasp [jam st 
XoHO2 £ yJvpuə 


wnjasmb3 


-Uvqo s pur 
(porenuo1oyip 


jou “ən əd 
suo jo sr Jez 
ut ydos `-¿ 


"ygoabuour 
*uoxexo ura] Á x 
'e[s1so301d 


moys SjoOW `g 
"814018 K10puo2os 
£34205] 


"onjueouoo “IUO 
Sto[punq 1ejnose^ 
*pojenua1ogrp Jou 
Ajjensn st gud 
“OSU UOT. 7; 


`9tnuəouos 
'9uO ST oppunq 
Jejnəsea : poyenua 
-MP you si jud. 
-Os2ui ‘yea up 'L 


"24022p 0} 

"i940uOuL “YDIeXD  wo4pip t qoiexo 

Us|&x—o[o1sojo1d UlS]AX — 9[2150101d 

SMOYS jOOW '9 moys Soy '9 
“Yy240Ip 10 


(puou yose 
7X3 WIA *x21100 
9?Qy o) pouoene 


DjjaujSojag sun ipodork7 


jo souassiyog ‘WNIs -Av[ 2241/7 O) OM} SI 
-uelods yor ulsvos yoq ur umodeL 
-atunu ol? solOds ‘snoa -pa42v] ajsuis SI 
-odsomoy ‘St puni IA yəæf pue 
auo jo oie salodg ‘adj 2Jnigupuod 
"umi4ods2:24D0 WOJ] -sojday SI viguel 
peuudoj'poiofÉev[ -ods jo sedÁ) y0q 
omy SI Uwnjdep jo yuourdojaasct 
"unuoj po[[e^ "eiSue1odso1o 
-Uunp pue snnuup -U pəjypis-S8uo] 
pesrunno payjyom Kuvu pue visuvi 
-y211]1 O3UI po) -odse8ə9lu payjnjs 
-enuolopgip sl pue -moys JO MOT 
pouoKe[-2/2ut$ st v do} sy Suo[e 


ginsdeo oy} Jo pem Surieoq opt) 
-dooo1 Əy-S8pri 


yoyxouf “£ 10 
o[nsdeo pauayjoyf € JO Sisisuoo pue 
X24u03jQ 10 uD Uinisnpuy ojeojop 
noua} v Sunvoq e YA PpƏI8A0 
ounjonijs pəyjpis St  snios uU; 
-ĝuoj St umniGuer “sul — snounp[os 

fod v o?  pouogge 


-ods qgovo 
aejmiSupij0d $ 02 d 9] pos payesuoja jo 


wni$ueiods JO mos ? s3eaq pue 


np si 
-0dKjog Jo wy jusudo[o^oqq “ei = MO[[OQ SI JALA 
-ueiods pox[eis Jo ovg ‘oyder oui 
quosoid 


ox] st uuni8uriods 
oq) JO usp dnos w jo sjsiuoo puofoq 


pur oemjonus pur ummmnpa mo Iw susy IMI 
"unpmpu:2sjDf v. yym “dr paypu -Q00) səumətuos 
Surnuíoj vuud oy S $n10$ YOV FL, BM IULIIS 
Jo uiw poxagoj 'popunol JO [wAO yX B YM omn) 
omy áq porerud “*əSjw so jews -NNS poayeaiq 
s snios Yory aw nos fspAgdor pur podegs-uooq 
“UOSOUIOD paje» -Ods oy SIMBA oq) JO [RAO sap "M 
21" Hos Jo i4je;xpeqo 'x!) -mu pur uwouq 
SQL "uos o] £n compmuspun oq) 'psey ‘esas 


-uGod« smu jo uo SUPA oq BAO -oduq ow sdis 
san ipod jog 


rid sən y 


əy} prisur sərodg 

"Jaxovf əy} Jo 
dəb] SOLO 
əy} uio1j padojaaap 
“IEF *pa42n] 
2uo sr uirnjede, 
"Gp siəKpe|-II95 
OM} Alle) yəy} 
4adv]-7]29 auo K[uo 


“ayore, Ə1zolləp 
e YIM PpopiAaoid 
SI uuniguerodg 

‘odAy 


ajolsupaodsna 
s; umiguelods jo 
juourdo[poAoqq 'sixe 
9uoo ou) spIom 
-0}  A[[ejuozrou 
pojoofoid oie vig 
-uv1ods : A[uo pur: 
auo jo (O[-S) vr 
-uriOds oI -avs 
Pajvsuoja jo oym 
e OSTp olyod 
əy} JO əƏpisiəp 
-un əy} uo sipəq 
pur ‘sxe ouo 
oy) wos səjñup 
348a ye Sanoofoad 
əamənns ood 
poys v sı ssoyd 
-orsuriods w: 


pue -ojrjour qoq) 
wnisueviods 
jo wwdopaq 
“tunjəa 
PƏH#3 yIMoIs-3no sivaq  [[Audoucd 
snouviquisur Ë -Sow (oumneo) 
Aq 39AO pajoolaie [XE jKudoiods 
PiSupiods Jo sədÁ} əy} oaoge o[nm e 
yjoq—Ayyeixepe jsnf sixe ouoo əy} 
aseq Je pue uo Jo (Aie[xe) 
epnsip ueoAjoq ul II£&qdoa0dseSour 
UniSuElodsol)]U] 94} JO [xe əy} ur 
JO od4} 9W eS Jo (JoloJ) oseq 
savaq ][Agdo1ods - əy} ecu ootjins 
-OJOAD 'Ap|ixepe  [erxepe oy] uo um 
9seq Jeə oy} pue -iSue&rodsesSeur po 
ƏM OY} 422442Q — -x[V]S 2/2UIS paqo] 
ur Wnisuel snof “oaoqo 
-Odsesoui 2ji$52$ 10 padoys-daupiy 
'peuojwj/ -*o|Suls *224Dj 'o|Suts s1voq 
siveq [[Aydorodse ||Kudorodsp 8 o ur 
“Sow £ d en om yoeg apm 
sj[Aydorodg “(ou 9418 s[/Kudorods 
-nv23) WS OQ) UO SIX? oU0D yI UO 
posurue Apads 3əpiío posutI-p ur 


-u2 


-PIJ JO p!O4OqO jsowsouur 
“bus ]83u1s wo 


poxpeis Juns ‘ayy pue pa z2yəp 
‘podeys-Aou 943 fo 4D 


ay) 
pouoj ‘pa 
42D] U0 SI ƏNSSI) 
eAnunu “ər un) 
-odey, “jem joxyovf 
poiroÁev[ sout 
JO 22414 308 seq 
wnisueiods yovq 
'edéj ojerSue1ods 
-nə sr umniSug10ds 
JO 1ueudco[oAo(q 
"(eur[ne2) sixe 
Əuoo og) uo pue 
[ie — ggdozods 
əy} e^oqe opp 
e jsnf 1o (1t[O]) 
oseq ou] Jeou uin 
-I3uviods poy[ejs 
put podeys-sou 
"pri *oS1vr *o|Surs 
e ÁA[[UIXep? sIvoq 
II&gdozods -uot;T 
‘Sixe 9U09 94) uo 
posuer Ajjesds 


918 sjgdorods iuod4pnude pojenjis 


ə yoq—sıíyd 


pue puiy əuo Jo 


Jo sodA [y 

"eSuviods -oJodseSour pue oue slKudoiods 

»4n:oqo — Sunvoq  sj[ígdojodsojonu  "soAvo[ 98vI[OJ oq 

spAqdozods 2/1409 “I spupy omg JO -USIT ro 1no[oo 

JO WS 1so0uuouu! o1? sj[ÁgdoJods pue uulo] *oZis ur 

oy) pur sydydosod "Wo Wo 42///p SoAPO| OADPI982A 
-f0421u JO IOS 1iwəu spans JO SƏADƏ| WOIJ Jog!p IHI ` 

303 s/jkydos MOS aiquies uoru spud 

ww JOWS ID -33 YoY spud -ojods jos A[oso[o 

-INO “ZIA sad 02411 19$ ASO Jo dn əpew st 

P ü p jponpuiko 


"umiuiois 
oui 1? pem əy} JO 
21njdai assaasunay 
ayy áq poop 
si  unidueods 


Sildid tun;podájod 


Soxej Hos 


jo 


uoneigojursip pue 
“01824 p4juo« 3N} 


Suo[e Iam JO 
aoueseid ur oov[d 
Sexe)  dueooiods 
o Əjuəosiuoq 
'e1odswSoU! 2840] 
auo Á[uO sureyuoo 
*2soqoj3 Sl unis 
-ueiodseSour {sal 
-odsoiour  Áueui 
suigjuo» *əsoqo]8 
si  umi8uelods 
-OJXJA  'snoiods 
-019j9Q ''à1 SPULY 
omy Jo are sə10dS 
-anssi 
youodsayas0 I} 
W03j powsoy “P22 


D2[15$40]A 


‘yes exoud 
-oiiueiodds 34} 
Spie*o) ÁAppigAut 
Suoy 2/8 jDuipni 
-18u0] ë KQ aovjd 


Say} wuniSue1ods 
JO  oouossng 
"unis 


-uelods yora ur 
Kaew ae so1ods 
*snoaod $ 0 ui 0 1| 
"el pupy auo jo 
ale undSae1ods 


wnjesmb3 


`pə4əquupuo oe vi 


SOD, 


-042434 “S, spur} 
044 JO 21e se1ods 


-ueiods ujoq “o't 
(onjmoaqpa;) seo 
epos jo sajd 
pue sjj22 o. nj 
fo sxoo]|q oya dn 
syvasq onssu sno 
-uo301ods ‘euer 
-ods q3oq Uy “ea 
yoyo! ou JO 4240] 
dauu 9) WOI 
sdoja^ap posite 
auo si vraueiods 
oui y0q ur umjod 
-eL  ssoujonp ut 
siaKv| TIPO 4nof ol 
auo ‘PAÍ € uu 
popi^o1d ase sod 
yog dí, aSU 
-BIOdsN? Sı (v8oui 


521205] 


-043434 e»t spur: 
om} JO ore So1ods i 
"enssn 
snoussoiods pue 
jexoef — usoAjoQ 
Ul səl pue *anssi; 
snou23040ds 21 fo 
4akD] jJsouuiəlno 


ay} woi pelos 
‘pasakv] auo & 


woq ut umede 
"HEM —asxoe[ po 
-JoKe| 04] 108 aney 
viSuv1ods Jo soda 
Wog dA a3 
ee St vis 
-ueiíiods ou uy 
Jo yoondoraned 
"umiSov1odsesou 
əy uonsod u 
9ui|nv» Jo Areppxe 
“reog qm * sR 
“30S |UIxop syt uo 
us dSuviodso1n 


21121489425 


"s 25424 


"?nssri snoust 
-O1ods put pyt 


unipodos(7 


-oUIe8 $701220u014 
conpold uormeuru 


wuntpodd od 93VI '7 -193 uo se1ods 'Z 


"unjpodíjod SAT 


spid 
sustd pae umipodqod “epsa *umjosnb3 “5912081 *ejpoujipog *umjpodoa£7 Jo sy £qdojsums oq) Jo junooswsipvuvduo) 79 —— 


*ounur 
1ouur ue pu? ouixo 
19jno ug qua pop 
-IAO01d sI E32 pue 
pol] € ^-qjoous 
'vipoqui121 
‘eao 10 [endi 


*UMOJq-»19p ‘ews 
21v sə1ods *t9 All 
-wnsn sf tuniBuvi 
-ods $210ds Jo 
3aquinu * 200 
jo om ‘oT 
snoszodsowoH “I 


umpodí jod 


-9A9p o1odsoloim 
se $5701220]p 91e 
sophqdojomen 'z 
*sIoÁe[ 

4nof jo pasoduioo 
SI pue Jory} £194 
St em 94} “I 
-P3U81Jn91 [BAO 0} 
Teprosdyjo ‘osiey 
SI Əlodse3əjN 
*ounur Jouur 

pue oauixo 13M0 
ojur pojemuois 
-pip SI prem ‘xode 
ejepiuelád p ue 


Sa8pII ojeIpEl1 
qujof qum “soq 
-oj ‘gews sse 


SƏIOdSOJ3II 'S9) 
-kydojoues oq) Jo 
S[[2» j$3g oq) IB 
sərods "uni8uvI 
-ods 1od ouo «juo 
S! qon JO 3oq 
AM "uodsuSoui 
333m pue un 
-iSuv1iods 39d p9 
s qəm JO 1oqui 
-nu iodso1oru 
aoj[vtus “zga paonp 
-03d oe $210ds 
JO spun OM) “oy 
$n030d$073)2H '[ 


— i 


pue urrmirudeiods 
əq} opisjno ojeu 
-W333 sejodg “Z 


‘cn 
-ISuvIods yore ur 
Auem oie So1odg 
*$42]U]2 S8 UMOUY 
spueq punos Ayer 
-Ids ^oireu Jn9j 
olur sojerjuo19pgip 
Joje[ o1odsido og 
—o1odsida  jsour 
-Jejno (p pue 
TOA Ə)ë9:°Pp 
no ue pm 
910dsoxo (9) *ə1od 
-soxo (q) *(o1od 
-sopud) dur} at 
ayeorjep somo 
“Ul (9) 'ZIA $420] 
pa 4nof qum pap 
-IAOJd sI pue o8pr 
9]0]pna-14] 1n01/114 
*(eoi1oqds 10 1e[nq 
-0|8 s; o10ds qosvo 
1 eikqdojoure$ oqi 
JO [199 jg "m a 
9íiods pui 
Jo o1 Pi "et 
snosodsowoH 'I 


umjosmb3 


e[pu 0j ƏS JAI -Əun88 ajo O) ISJ $70:220U0M 


uoneuluo8 
SoiodsoJorj 


UO əs 
‘Z uo s2310ds0J9!JA "Z 


*Unigue1 


-ods yova ut 8p-0p 
*sIoKe[ [BIOAOS JO 
s}sisaoo pu? yoy} 
AIOA SI [gA “pad SI Əəunur 
-uoureulo A[snorl -djnos 
*sse[ino[OO pue yəy} SI ouixo 


-BA 
Jo pa1no[oo 
*goSpr1 ojerpei1 
-) joupspp UHA 
[&1paqt1j9) *1981e[ 
aire solodsesayy 
"Qjoous sr ounur 
put porq) s! ourxa 
*unigugeriods 
qoeo ul snosaut 
-nu  *pojuaumulo 
pue po3pri Á[[EUtp 
-njiáuo[ *paino[oo 


‘gews — *'[eroje[mq 
SI 9e10dsoJo1JAl 
"say qdojosures 


eq) jo s[[o) 354g 
eq 91v sojdg 
‘sasodsesom pue 
sesodsosoyus  'ZiA 
sasods fo spur. 
O^)  sonpor 
‘at $no1odsoJojoq 
osje s; 52/205]. "| 


£24205] 


*orq} pue q}oows 
*poinj 
Á[SnoL1EA 


£ sə3prir 9)EIpel-11] 
jueuruold y} A 
tuunišugiods yova 
ur ¿no ‘jospay 
-D4j2j O19 Sərods 
-BIW 'eurur oje2 
-HƏp 1ouu pue 
eurxo pojuaurgu1io 
sog)  49jno OB  '98pH VPET- 
uA popr^oid sr yeom e seg o1ods 
yova "uniduejods qovo  :oeunur 


uorjeuruJeS oonpoJd uomvurur 
-198 UO sə1ods 'Z 


qoga ur Joquing 
odie ur poonpoud 
*JU4p21[04121-02 
-j4ds 91€ so1ods 
-0391 W ‘sasods 
-DJU JO 0DU 


yjooms 1oudt pug 
9uixo [p)uətupuIo 
13jno qim pəp!IA 
-01d “[gIpəqenə) 
pus yous (424 
910 sa10dg ‘Augu 


49818] pue - 042jt4 st uiniSag1ods 13d 
Jo]|EQIS “ZA 'spury səzods jo Jaquinu 
04] JO 918 solods ‘juo puly auo Jo SI 
*'sajígdo 39 ur v 38. pue 'aj&qdojoures 
om jo SI[22 jsug o Jo [199 3919 
ay) cue salodg '[ oq) sp eJods `[ 


pjJoujSoj2s wunjpodoo«T 


unpodíjoq. JVI `E 


si421d 


~ayjue Kupu Spro 
-ziü1 94} 2uotv 
aens [BUA 
943 UO sI¥əq sn] 
~[eqjoid sine] 
*do[s^op sptoztu: 
‘snyjeqioid 2193 
JO o5*j1ns (ennuoA 
943 ui014 'snyeu) 
-ojd se umouy 
&poq_ psdeus 
-j1e9Q ‘U93213 ‘pay 
-BIJUSIOYIpP Ayes} 
-USAISIOP ‘jews 
* SI Ápoq jurjd 
onkydojowey `£ 


*8u141] aovf 
-ins 91e. sə)Kudol 
-aumr) `sə)Kudo) 


winipodd jog 


9I i99 Iwiuoñoip 
-ue Arewrid woy 


£1139 [eruoSoa1pue 
Aieund 3ouur ue 
pue s |vu3o)xo 
991u)Jo Jwr 
B® JO s}sisuoo 
QnrpnHoaqgiue qoro 
*rIpusugjue omy 
$juoso;:da1 oyhyd 
OURS qo? 
‘en 2o1odsojoru 
913 upm Á[9Jnuo 
esed sexei yus 
-do[oAop £ poonpoz 
Yona pue uso18 
-uou aie soyíud 
“OJOS JLN `€ 


`əyKud 
-O0joue3  ojeumj 
Ojur oiodsesour 
pue? 21udojouues3 
aye omr sdo[ 


D2jisaDpy 


-9u) oq urjsig ae 
-adde wejuodouoiy 

*$9q09] 1e[n2o1 
-It onoujuÁsojoud 
pue used “Joz 
‘Kireona (q) pue 
uold91 [eseq ssSo[ 
-Jino[co pue ord 
-W09 əyğı-urgsno 
(e) “zya Suoido1 
payiew ISA OA} 
Zumos o1njonus 


peuoueiq *ptor 
-[Eu1 ‘9213 PA 
-3uo| sı aydo} 


~oues oJnye[N `€ 
‘snoop  Ápied 
ore soyíudojoues3 
Suonipuoo [eroods 
lepun sowijomos 

‘saykydojowes 
$n01220u0w 3u141] 
22Df.ns o) ISU INB 


unjosinb3 


poso 


twads mof iouut 
pue sjjo2 4mof jo 
dn optur 39xoef 
9]119}s 19jnO UL jo 
Sunssuoo  unip 
-uəuyue 2/2ui e 
8juos21de1 ojAudoy 
-oues goeg "uni 
-ueJods šu WOJ} 
pomaoqi] 91e KII 
dayfo | Ajayoipaw 
-1u1 suidaq yuətu 
-dojsaep £oZIs8 
ur poonpel gonur 
pue uəəois 
-uou oie səKqd 
-OPOUILS JLN `€ 

*snorəom 
o1e soykydojyowmes 
ə o u ə q—sə)Kqd 
-opwe3 — o[euo] 
©} 95811 QAN 


uonevu? uo AIS uoneurmuis 
Soiodse3au iqa UO 


soysqdoyomes 9114 A so)£udo) 


$2j205] 


qdaoweou s st 92 you $nouaq š 
Wqo9n^ Jo qova HEEL Woe Qo 
—8$ 71129 sayjow ET 


€ 

4D] Yow 

22 4ayjom Sysnjeuyoiq (Q; 

wads — 9¢Z-97T 88593 
porenys A[[e31u95 


əy; fo oovfans 


pue sJjj5 8 jo əy} uo quidor 


dn opeu ÁL; -ƏSAƏD ‘anojoo ut 
3exoef MIJS E u2243 'po41]-14018 
JO s)SISUOS qorqa ‘xado poqo] qum 
wnipiraodiubo ades ur p040 OY 
ajduys e syuose1d 10914pU1 LI sso| io 
-91 əyKkudoiouneS uou “pus AIDA 
Woeg 'tunigueiods sı (Kpoq yuejd 
OID SU) UWIHA 2134 udojyoure3) 
suidequoneunnio8 snye q 1 O : d te) 
JO  3usudo[s^op “3'9 sod] 
fezi UL paonpas 2244) jo oie so) 
yonu pue u2248 -Áudojeure3 sno 
"uOu are sejKud -souou uons 4j]92 
-Ojeue8 opp `ç -180]0gdaopy `ç 

*(oneu10153eu) 
$noj20jp 91e $23 
-Áudojeu8 sny “S3Ipog 
pue'saj&udojsue3 yu e 1d on&udo) 
epeusj o) 2s13 -swe ət sn[ 


-epod penu 
-1s1op səuməuros 
*( oyyeqjowoy ) 


unipodoo€1 


sa1odses8oui 


Dj Jauisojag 


si uniuogSaqgory 
*][95 ]es?q 2318] ou; 
Jo xode ou) 1940 
pouoepg?  senssn 
jo dvo v ur poppoq 
-mə umiuosogoie 
ajdus v Jo s) 
330 ue pue [[9o -sisuoo pue [eus 
peues yoou əuo ÁIA SI ojÁudoj 
‘sə yYooU jel -Əətue8 o[eu9J oJnj 
-9A9s JO dn optur -Eui—[[9294I)H)nu 
xoou poaincss SV suonounj ||95 
B JO slisisuo5 pue [eseq Jo8Je[ JOMOT 
Ápoq podeys-ysey om) *ejprded urqiim 
e sı wniwosoqoue [[99 evde jews e 
qeq  'Sunosfoid po sinə pue xəde 
x»ou ym uəyuns 9Q)ipsənsnəjnu 
pue snosounu osje ouodseSotu ou 

919 mluo8əuoly 
*sp!oziq1 


*msods ojyepo$vgn moga sr nád 
-pntu ‘passing Ajpa -OWES NIMEN 
-4ds w 010} Ájje030]X3. jem oJodsvBour 
posogdaoumwjour s Ou) opm Apo 
qayma JO qawa pue -u» oovid soyo 


10021X2 943.0) pa) 109]d oroa? 
sn sopa 


*UnAo JO 


"UnAO JO 889 ue 
pue [jo» [puto 
[EJ)U9A ? jO sisis 
-U09 19]U9A ‘avo 
JO OM 910€ S[JoO 
]eugo yoou :! sen 
qvo ur S|[93 9210] 
QHA S[[93 JO $4217 
4nof JO sisisuoo 
pu? poys si yeu 
eu] 'xoou SUNI 
-03d puv 9$tqQ uox 
-uns 8 yim Ace 
oe  vjuofogory 
“weds 

2 jJə sma 
pow 225; v olur 
p2soqdiotDt)ətu s 


uoniod jews v og) Áq peddois 
“Ie[N]]39 sətuo53q oq AUT JO A[D1E/ 


einjonis 9JOYM oy) -Up spuojxo Jey} 


[yun Apje3edijuoo 
uon? pue os?q əy} 
SpJE^O) Spuejxa 
Ayjenpeas yoga 
uoiga1|volde əy} 
UI Sulgeq uonew 
-10J [EA ! stu40f 
42424 ajonrva— 


enss] Jo uoigsno 
e  SuiuoJ uo 
-1321 jerde oy) UI 
əd sexys; uon 


eje[[oSepgrq ‘woy 
-Isnj ‘pews snos 
-eumu Ə ym 
UrQ31A Joyorf 
Jo Jake] oj8urs 
e qm popr4oud 
SI gogo '[eoridi]o 


-BWIOJ [Je Usu) JO [tAO Ájewiou 
—e[onovA [?4ju90 o1? vrpHoegiuy 
? Surpunoiins oi] "Surjefo1d 
yom rejonu aly Apysys 1o (uox 


uordal eode oy} snojoumnu 23ujuioj -uns) Peppoquia 


UrsnoloUnu eJoW sopiipol pue KZIoqA Jayi rq 
-UNU ur 7042428 


jnqusejdoj(o9gj sopi4p  sno[onu 

jnog8nojgj] 91] eJodsegou ou Ə V pupu 

yor% jajonu IJ  'dojo^op sproziq1 . 
qorqa uoJj—3uip *eogjns 


1639498 0jur A[991j 
19ddn powo[ 


SopiAp snojonu -njjod uoqsno 
o10dsr8ou əy, eode əy} Auo -joy Jo pouayey 
‘sploz yim [A əlod uo jo umos ay} 

-Jui snojəotunu -seS0oi! um uo pado[oAop 9IP 
Ə)Kqdo1 (opeuogy pue ə[gur 


qQ1!A popraojd suwas 
S| exqdojoumS -ouv8 oy) :tuni8 qoq) suBsIO xog 
NIVI *pajejoqu -uvdjodseSeu om 

ose Sso10dsvBou A $1J9]5 JUST "DZHIA402 4 
sv uoos $D sims -dojo^op : poonpor on&qdopuo ue 


uonvumpJo8 *'odK) Yonwosjepuesaju furo; 
poonpoai “uəəj8 -ujfoqoqg) uj ua2J8 ornjomquAS B qua 
uou əs saído) -uou ose sojQdo) poj*i2ossSu 
-weI opua, °p -2uw3 opeua "p ouv sə)Kqdo)əotuup 


suajd 


tunipodá jog 


*uinao 
io 339 ue pue 
[129 [euto —[enuəA 
L '[[39 peues yoo 
auo q ut 
$]]22 om4 JO YoU 
e yO Sunstisuoo 
*peoiq yng oys 


D2|1540JA 


wunjasimb3 


‘tunao JO 339 ue 
pur [199 [euo jen 
-U9A € 'j22 jDup2 


yau w ÜN 
ug sj anof— 
yooU B jo sysisuoo 
tuntaoseyore qova 
Suayuns “Idəəp 


ore ÁI} ‘ejns jO sjsisuoD Un 


pəsodxə 34} uo 
pedojs4sp oie ‘g 


apnijoud jou saop peade P jo ən 


“B30 ue 
pue j3 jeueo 
TENUA L 5/120 


jouvd you auo 
U83198 uw s]]29 
Q—30»u oys e 


-1uo3ayoame yeg 


“S1129 peues 
you OF JO ET OFT 
sürejuo  Xoou 
funao 1o 335 
ue pue {13 |eueo 
]?ijiu9^ V jo 


SjS$U00 192 U9 A 
*3ungoefoad Áy "IWA — MOTI 
Jog 'eiuoSoqory -1/5 Ys jo ian e pue (usted 
*onssn iejno gy shud ur SII99 pt) 
pesodxe sy} wozy -Ojeuea o qj Ul »99u)3J0Qs 10 3004 
do[9A9p spioziqi? uayuns sı uimtuoš v? q31^ iopus|s 
*pnjjauije[og 9x)» -9uoie — uojsna 91* wBIGOsIYIY 


"Ájpie no 
mq o3piu ojepei -u29 Ə} ur pado[ 3umosfoux Aj u O 


“133 9g} 3uo[e jes 
eiods 34} JO 30135 07 
-&1) Aq  posodxa 


sı onssy onágd 


“asp ie ‘Auv YoU mou) Wu 
maf wos 3u; uəwuns pue aew 
~Area * 


wiuoSaqgory 291 wuoñəuoriy 


"uSeigdeip 


“suwas 
-ojuw$2g)j jo v jo Uuopeulo) jo spiozojeuads 


$21205] 


vjjoujSDjaS 


wunjpodoo(] 


SELECTED QUESTIONS ai 


SELECTED QUESTIONS 


1. Describe the characters in the life history of Marsilea which are considered 
characteristic of the group pteridophyta. 

Refer article 5.7, A 

2 "d contrast the sopre bearing organs of Lycopodium, Selagi- 
nella and fum. What generalisations one can draw trom such a com- 
parison ? 


Give X f i d spores 
a comparative account of the development of sporangia and s y 
is Pores Equisetum and Selaginella. 

Refer articles 5.6, 4.4 and 3.2 

4. Compare the sporophytes of Equisetum with that of Isoetes. 

Refer article 6.1 


5. Give an illustrative account of the structure and development of the sporo~ 
carp of Marsilea. 

Refer article 5.7 A, 4 and last para page 897 

6. Compare the organisation of the sporophytes of two heterosporous pterido- 
phytes that you have studied. 

Refer articles 3.2 & 5.7 (Seloginella and Marsilea) 

7. Give a comparative account of the gametophytes of Lycopodium 
and Selaginella Name one Indian species belonging to each of the above. 

Refer articles 6.2 and 3.1 (2nd para), 4.4 Grd para) and 3.2 (3rd para) 

8. Describe the structure and life cycle of Equisetum. 
’ Refer article 4.4 
E 9. Describe the structure and life cycle of Marsilea, 

Refer article 5.7 
10. Describe the life history of Marsilea with special referenc 


Refer article 5.7 


MN. the strobili of L di i 
4 Lycopodium, Selaginella and Equiset, i 
d structural uniformity do you notice about the Eat ‘Of tere 


Equisetum 


€ to its repro- 


Refer article 6.1 


What is "of tion of generations ? Describe w 


ith sketches the gameto. 
oe: E and article 3.1 
' Compare the Sametophytes of Lycopodiu 


m, Selaginella and Marsilea with 


lypodium indicating the gameto- 


ternation of generations in Bryophyta and 
n + 

ans: y died 

Wer from the life histor of the types Studie 


908 STUDIES IN BOTANY 


17. Compare the sporophytes of Pteris and Marsilea, 
Refer article 6.1 


18. What is heterospory ?  Descri phytes h 
pteridophytes that you Phi A tag he os 


Refer articles 3.2 or 5.7 ta 
19. Describe the stelar anatomy of Marsilea and Selaginella. S 
Refer articles 5.7 and 3.2 
5 [ers the stelar structure of Lycopodium with 
Refer article 3.1 and 5.5 or 5.6 
21. Distinguish between homospory and heterospory. G 
account of the structure of strobili of one homosporous and of on 
pteridophytes you have studied. y 
Refer article 6.1 
22. Describe the types of stelar structures in pteridophytes 
Refer articles 3.1, 3.2, 4.4, 5.3 to 5.7 (internal structures of stet 
23. Describe with labelled diagrams the prothalli of Po 
Lycopodium and Selaginella. 
Refer articles 5.5 or 5.6, 3.1 and 3.2 (gametopbytes only). 


24. Describe with diagrams the various types of reprodu 
Lycopodium, Equisetum, Pteris, Marsilea, Isoetes you have stu 


Refer articles 6.1 and 6.2 (reproductive structures). 
25. Givea comparative account of the anatomical features 


Selaginella and Marsilea. 
Refer article 6.1 
26. Describe the 
Refer article 5.3 
27. Describe the structure and life history of Dryopteris. 
Refer article 5.4 
28. Write short notes on : "€ 

a) Sporocarp of Marsilea—Refer article >. 
Ut Sporangiferous spike of Lycopodium—Refer eis 3.1 
(e) Gametopbytes of Lycopodium—Refer Der hs 
(d) Sporangiferous ‘spike of Equisetum xr : i 
(e) Rhizophore of Selaginella—Refer article 3. 
o» Sporangiophore— 


(g) Sporangium 


structure and life history of Ophioglossum. he 


inella 
(h) Strobilus of Selagiriel € s= 
(i) -Stelar structure of Lycopodium -Refer 2i le 
“A Rhizophore and sporocarp—Ref r artic i 
⁄ iuni and sporocarp—Refer articles 


(k) Sporang! 


SPERMATOPHYTA 


⁄ 
z % epee of Fxtension 


Loc! vices, 


cA 
ne 


Me = 
AU TAO X z- 


OF EDITI 
SS us 
= 


Plant Kingdom 


—M| 
-— 


| | 
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Gymnospermae 
(naked-seeded plants) 


The Spermatophyta is the fourth and last division of 
nised plants characterise 


This division includes most highly orga 

of seeds. The division Spermatophyta contains two sub-c 
spermae (gymnosperms) and Angiospermae (angiosperms, 
seeds are exposed ie. seeds remain in naked condition simply 
the megasporophylls (=carpels) as seeds are developed from 
on the surface of the megasporophylls- In angiosperms, 

ie. they remain closed within one or more chambers of 
the fruit, as seeds are developed from ovules which are en 


more chambers of megasporophyll comprising the ovary. 

Gymnosperms are more ancient and form a comp 
present-day seed-plant vegetation, while angiosperms ate more 
athe major part of modern seed-plant vegetation. 


GYMNOSPERMAE 
CHAPTER I Introduction 


—naked; sperma -seed), with over 63 
apre ed ^d living species, pobres one of ir END 
dobdivioos of the division LUNES tA anh es dn 
Gym i es all autophytic gre 1 
oe = ret surface of the megasporophylls Te. carpels. 
The systematic position of this subdivision lies in between Pterido- 
phyta and Angiosperme (another subdivision of the Spermatophyta), 
as gymnosperms bear close affinities with the Pteridophytes on the 
one hand and the angiosperms on the other. Raizada and Sahni 


(1960) have recorded 16 genera and 52 species of living gymnos- 
perms from India. 


A. Characteristic features of Gymnosperms 


(a) Plants are sporophytes; majority are tall woody perennial 
and evergreen trees ; rarely shrubs. Sporophytes are much larger 
in size and independent (when mature) ; true Toots, stems and leaves 
are present. Plants are always heterosporous le. there is differ- 
ence in the two types of spores in th 


at one type produces a male 
gametophyte and the other a female g, 


emetophyte. 
(b) Vascular bundles in stems are 
arranged in a ring. Xylem is composed of trache 


- Active cambium 
d phloem during Secondary 


(c) Leaves are usually dimorphic i.e., leaves are of two ty 


(ii) green foli 
evergreen and Provided with th 8 foliage leaves 


Des viz,, 
ick cuticle, 


Which are 


are unisexua], Simple. reduc 
enr iple, ed and 


Carpels respective 
formin 


o: © aggregated togeth 

Obili. In most cases nes 

abo simply leat tenet ete female strobili, ° Megane, are 
š ures, i 

| y iding TAAA ey do not under. i 


di ; 5 

| 8 ho ad style and a termin, l stigma aed int 
T Sorne on the sy 

Temain uncovered (naked), que ot Bis 
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(e) At the time of pollinati 
. 1 pollination, poll i icrospo 
directly carried by wind to the micropyle EA 


(f) The gametophytes are m i b 
conspicuous than thor of e ee E Ee 
microgametophyte mostly consists of one or two prot h li 
tube nucleus, a stalk cell (except Gnetum) and two zam 
female gametophyte or megagametophyte isa multicellular 
bearing one or more archegonia (except Gnetum). s 


(g) Male gametes are either ciliated and motile ( 
seen in some gymnosperms (Cycas, Ginkgo etc.) or non 
non-motile as found in other gymnosperms e.g. Pinus, ( 

(h) Endosperm formation takes place within female | 
before fertilization; as such, the endosperm tissue is 
in Gnetum endosperm tissue formation takes place pà 


partly after fertilization. 

(i) Embryo development is not initiated by th 
transverse or vertical wall (except Gnetum)  Emb 
at the end of a long suspensor which is gener 
embedded in endosperm ; the embryo is generally 
later into upper (haustorial), middle (suspensorial) 
(embryonal cells) regions. Sometimes several embryos 
embryo arise in each ovule, such a phenomen' 


than one 

polyembryony- 

(j) Number of cotyledons varies from one to many. — 
always present. The s 


(k) True seeds are 
uncovered or naked, i. s are m en wi ux 
d due to failure of car els (mega: phy lis 

k pe's pich ultimately m 


are not develop ° 
formation of a closed chamber, 1.¢ ovary whic 


into fruit. | 
B. Characters of Gymnosperms resembling Pterido| 
Plant body is differentiated into stem, 
beth tne groups exhibit heterosporous life cycle. 
(b) In the coe ~ 
—xylem is without t 
Selaginella and Pteridium) and ph 
(c) In both, the gametoph 


developed within th 


metophytes contai / 
mbryo, whic 
velopment of embry’ en (except 


the de 
ei ree nuclear division of zygote a 
ife history, bot uu 


© ions alternate regularly ite pe : 
vx 3 
(f) In having ciliated spe (Cre 


(g) m general morphology of the 
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€. Comparative account of Gymnosperms and Angiosperms 


Gymnosperms 


1. Plants are woody peren- 
nial trees or shrubs. 


2. Xylem generally consists 

+ Of tracheids and xylem paren- 

) and phloem of sieve tubes 
and phloem parenchyma only. 


3. Flowers are always uni- 
sexual, simple and without peri- 
anth (except Gnetum). Pollen sacs 
3 porangia) or anthers and 

or megasporangia occur on 
distinct sporophylls ie, micros- 

ylls s fried) and 
megasporophylls ( =carpels) res- 
pectively. 

4. Carpels (megasporophylls) 

. Are not differentiated into stigma, 
and ovary. 

5. The ovules 

sed on carpels; hence seeds 
remain naked—not enclosed ina 
mber i.e. mature ovary. 

6. At the time of pollination, 

Brains (microspores) are 
carri 


by wind to th 
micropyle of the ovule. š 
Uf 


The mature male gameto- 
m» has 2 or 1 small Prothallial 
» & tube 2 male nuclei 


Ginkgo) and 
(except Gnetum). 


are freely 


8 
5 
& 
[c] 
| 

? 


Angiosperms 


1. Plants are annual, bi-annual 
or perennial herbs, shrubs or trees 
—either woody or herbaceous. 


2. Xylem generally contains 
three elements viz. (a) tracheids, 
(b) trachez and (c) xylem paren- 
chyma ; similarly phloem consists 
of three elements viz. sieve tubes, 
companion cells and phloem 
parenchyma. 

3. Flowers are either uni- 
sexual or bisexual, with or without 
perianth. 


4. Carpels are modified to 
form stigma, style and Ovary. 


5. Carpels form 
chamber in which ovules are 
enclosed, 


s 1 seeds 
remain enclosed within the fruit, 


an ovarian 


7. The mat 
tophyte 


: The female am 
either monosporic? b 


Orio; it h 


etophyte fs 
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Gymnosperms 


9, Endosperm tissue i 
prothallial tissue formation dei 
PUE V aste pe before fertiliza- 

ion, the cells of endospe 
haploid (n). pe 


; 10. Development of embryo 
is generally associated with the 
free nuclear division of the 
oospore nucleus and the basal 
part of the pro-embryo gives rise 
to the embryo proper. 

11, Embryo consists of 1 to 
many cotyledons. In gymno- 
sperms, generally several embryos 
develop in each ovule, although 
but one embryo survives ; thus 
gymnosperms are polyembryonic. 

D. Classification— 
logical and anatomical characters, 
main groups such as 

I. CYCADOPHYTA AND I 


I. CYCADOPHYTA 
Stem is unbranched ; 
in transvers 
and (iii) 4 

Cycadophyta 8 

A. Cycadofilicales—Al 

B. Bennettitale. —Inclu 

C. Cycadales—Includes bot 
Cycas, Zamia etc. (Mesozoic to P 

II. CONIFEROPHY 
Stem is branched ; v 
shows (i) 8 small pith, (ii) 
cortex. Microsporophylls à 
are in compound cones. 

Coniferophy 

a. Cordaita 


thick cortex. 
re again divi 
lare € 


= t one sp 
Ginkgoales— ExCP n present-day): 


(Mesozoic 


—This 
- inus, Abies, 


i , 
Paleozoic 


B. 
is Ginkgo biloba 
c. Conifera 
living members €. 
carpus, Taxus etc. 
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-C. J. Chamberlain 
classified gymnospern 


I. CONIFEROPHYTA 


e section shows (i) a large pit 
Sporoph 
ded into three o 
xtint (Carboniferous). 


des extinct members 
h extinct and living me 
resent-day)- ) 


TA—Plants are co: 
imple 


jt are Simp 
ense an 
re in simple cones while m 


der a 
yo C drus, Thuja, 


. 9. Endosperm tissu 
tion takes place after fer 
as a result of the u 
the male cells of 
with secondary nu 
of the endosperm are 
. 10. Develop 
is associated by 
wall into two cells 
and (b) basal ci 
gives rise to embryo 


usually one emb 
each ovule; hence 


are not polyembryoni 


(1935), based on m 


(Mesozo 


mparatively š 
Stem in tr 
woo 
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D. Gnetales—It includes mainly living genera such as Gnetum, 
| oo c ps, viz. (1) Phllyo: 
rms into two groups, - 
eg (1220 - = detegere qr den 3 orderse.g. Pteridospermae 
), Cycadales and Bennettitales (Cycadeoidales); (2) Stachyospermae 
with stem-borne seeds)—it includes 4 orders e.g. Cordaitales, Ginkgoales, 
es and Gnetales, 


C, A. Arnold (1948) classified gymnosperms into three classes as follows :— 
Class None includes the orders Pferidospermae, Cycadales and 
Cycadeoidales. 


Class —It includes the orders Cordaitales, Ginkgoales, Taxales 
sad Confer, n 


Class Chlamydospermophyta—It includes orders Ephedrales and Gnetales, 


D. D. Pant (1957) has proposed a new system of classification of gymnosperms, 
ia which the 


ous plants have been placed in three divisions, The 
outline of Pa cation is as follows :— 


Division I Cycadophyta 
Class 1. Pteridospermopsida 
Order 1. Lyginopteridales 
» 2. Medullosales 
» 3. Glossopteridales 
» 4. Peltaspermales 
» 5. Corystospermales 
» 6. Caytoniales 
Clss 2. Cycadopsida 
Order Cycadales 
í Class 3. Pentoxylopsida 
Order — Pentoxylales 
Clas 4. Cycadeoideopsida 
Order — Cycadeoidales 
Division II Chlamydospermophyta 
Class 1. Gnetopsida 
Order 1. Gnetales 


š 2. Wel 
ie ii Sos Witschiales 
Class 1. Coniferopsida 

Order 1, Cordaitales 

£ » 2. Coniferales 

ES 3. Ginkgoal 

x: Clas 2. Ekeloni 2T 

i Ephedrales 

: Czekanowskiopsida 

^ Order 1, Czekanowskiales 

1 z e Taxopsida 


1. Taxales 
` ees eokttajan and Zim 


immermann 19 
urine plantaj has EG isi qsificat sas N have pr T OpOsed a 


into eight diy; Subkinadom All pu. 
s- 
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reique Biante ato grouped in the division Pinophyta. A sy 
Division Pinophyta (= Gymnospermae) 
Subdivision A. Cycadicae (=Cycadophyta) 
Class 1. Lyginopteridatae (=Cycadof 
” 2. Cycadatae (=Cycadales) 
» 3. Bennettitatae (= Bennettitales) 
Subdivision B. Pinicae (= Coniferophyta) y 
Class 1. Ginkgoatae (—Ginkgoales) — 
2. Pinatae ut 
Subclass (i) Cordaitidae 
» (ii) Pinidae (=Coniferales) — 
Subdivision C. Gneticae (=Gnetales) Š 
Subclass 1. Ephedridae 
» 2, Welwitschiidae 
» 3, Gnetidae 


E. Phylogenetic relationsh 
nosperms are generally divided 
phyta and Coniferophyta. ) 

roups originated from the Fi 
stlll an unsettled question as 


mon orig her 


Cycadales were 
either evolved independently 
Pteridospermae ; anyway the 
Coniferales and the Ginkgoales. ] 
an offshoot from the Coniferophyta line. 


— CHAPTER II Cycadop yhta 


. division rders viz. (a) Cycadofilicales (Pteridospermae), 
Vemm edt idea) cat (c) Cycadales. Members of Cycadales are 
= called c; it includes limited number of present-day genera an 
species 9 genera with about 100 species which resemble both tree ferns and 
; regarding the general structure of the plant body ; other genera and species 
become extinct. The living genera of Cycadophyta are sometimes regarded 
as "living fossils” as these present-day members are the sole survivors of the past 
‘members which were once widely distributed forming the important component 
of the carth's vegetation. 
21 CYCADOFILICALES i.e., PTERIDOSPERMAE 


A. INTRODUCTION—The name Cycadofilicales was an older one 
and as soon as seeds attached to fern-like habit (i.e. the habit of 
Cycadofilicales) were discovered then the name Pteridospermae 
(Le. seed-bearing ferns) was proposed by Oliver and Scott (1904), 
Arnold (1947) divides the order Pteridospermae into five families viz, 
Lyginopteridaceae, Medullossaceae, Calamopityaceae, Peltasperma- 
. €eae, Corystospermaceae and one order Caytoniales, 

treats this order as a distinct class Pteridos 
this class into six orders such as Lygino pteridales, Medullosales, 
Glossopteridales, Peltaspermales, Corystospermales and Caytoniales, 


s first appeared in the Devonian Period and became ve 
Prominent during e 


B. SALIENT FEATUR 

(I) Habit was mai 

(2) Steles of stem 

and polystele, 

(3) A jd a a Kont like and they were arranged 

em ; the leaves in all types were i 

nue » Which does Rot disintegrate on oxidation 
— (4) The seeds Were not borne on cones or infi 

but they were borne upon modified i 

e xe : or unmodi 

ad considerable 


ES OF PTERIDOSPERMS 
nly fern-like, sometimes 


climbers and trees. 
Were like those of ferns i 


ie., Protostele, sipho- 


Orescences of any 
fied foliage leaves, 
© those of recent 
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C. CLASSIFICATION— Pteridosperms are divided in 
Pteridospermae and II. Mesozoic Pteridospermae on | 
distribution in geological era. 


I. Paleozoic Pteridosperms — Paleozoic Pterido: 
into three families viz. (a) Lyginopteridaceae, (b) 
(c) Calamopityaceae (Arnold, 1947). 


(A) LYGINOPTERIDACEAE! —Members of this 
from Carboniferous. The most well known rec 
family is Lyginopteris oldhamia—this name was giv 


tic representation o! 
Fig. 2.1—Diagramma: epi m 
— Fibre bands in cor d 
FB-Medullary ray. SX —Secondary EU Pendant 8 


— Cor 
PX- Primary re tic structure (nest). 


ily is compos: 
' Th mY amia, This reconta tion 
= ea jscovered at different tin 
Ld iem Those organ-genera are: 
(a) Stem Lyginopte 
R. ...Kaloxylon 
i Leaf lamina (frond) +» 
d) 
0 ie 
) Seed... 


919 
GYMNOSPERMS—CYCADOPHYTA 


e plant should be Calymma- 

m p» MPs ao. M Cabamatotheca is the oldest namie 

"E ^" 1877 for a fragment of this plant upon which the 

x "et reconstructed. Plants were small and shrubby. ; 

ES fragments ie. parts of the plant Lyginopteris oldhamia 

ret at different times and given different names as 
— 


E 


i es Lyginodendron oldhamium and Lygino- 

qe Aan d dieron wee i slender, often branched and with 
arranged crown of leaves. Stem had monostelic siphonostele 3 
o large and parenchymatous with sclerotic nests—primary 
wood was mesarch. Secondary wood formed a continuous ring 
round the primary xylem, which was interrupted by leaf traces. 
Secondary wood consisted of large tracheids with multiseriate bor- 
dered pits on their radial walls. 


Root is known as Kaloxylon hookeri. Roots were adventitious 
and branched. These possessed radial vascular strands ; xylem Strands 
were tetrarch with exarch protoxylem ; xylem had Spirally thickened 
tracheids. Cortex was divided into thick- and thin-walled zones. 
Secondary growth has been noted. 


Leaf (frond) known as Sphenopteris hoeninghausi, was Pinnately 
‘compound (twice and thrice pinnate), measured about 50 cm. in 
, alternate and with gland dotted rachis. Rachis i.e. petiole of 
known as Rhachiopteris aspera, was swollen at the base with one 
strand of leaf trace. 


;e. m'erosporophylls were known as Telangium spp., and 
Crossotheca hoeninghausi. In Telan RE 


: ! gium Spp. stamens were alternate] 
arranged on the rachis— fertile part was flattened and peltate— each 


SN TI 1]. 
35 “GAS 


yN 


JA 


m 
m 


Am. 


= 


Mt 


“Z 
ml 


:2:2—Di 


edullosa s stellata. G Presentation of the t 


: a. tex. OR— Opt Tansverse section Of the stem 
Ë Xylem, P—Protoxylem, PG—Parencay Secondary tissue, 


S ground tissue. 
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bearing 6-25 bilocular micros orangi 7 
fertile pinnules Were present s ei abd pé» 
bilocular microsporangia. A microsporangium m | 
3 mm. in length and 1 mm. in breadth. It containe 
which were 50 to 70u in diameter. Each microspore 
walls, outer exine and inner intine. The spores probably g 
the pollen chamber. Microspores with multicellular gan 
inside were found. E 


z 


Megasporophylls named as Lagenostoma sinclairi are wi 


Seed cupule, known as Calymmatotheca hoenin 
possessed glands on the exterior. The ovule (megas 
barrel-shaped and radially symmetrical ; it measured 
in length and 4.25 mm. in breadth.. a 


Seeds, known as Lagenostoma lomaxii. 5 mm. | 
small, were borne terminally on ultimate ramifications 
remained partially closed 
embryo not preserved. S 
tropous and symmetrical—e 
glandular cupule. Nucellus 
the integument only at ti 
end. The megaspore memb 
ple in structure resembling. 
pteriodophytic spores (Pettit, 1799 
chamber was found at the. 
nucellus. Presence of several. 
near the micropyle was | 
(1944). : 


ferous. 
polystelic stem, 
many scatte: 


teridospermic frond stellata) steles. 


Fig. 2 aw opteris nikolausi., by a periderm. 


ssory vas j 
and by tracheids, protoxylem mesarc 
Leaf—leaf was comp joe m Eye 
is etc. These 
peris, Aen C ther leaf genera ae Ee | 
das known as Myeloxylon — petio'e rovl: 
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vascular strands. Myeloxylon petiole was found to be associated 
with Alethopteris type of leaves. 


Microsporangia were known as  Whittleseya, Codonotheca, 
Aulacotheca etc. Whittleseya was a campanulate synangium looking 
like an empty cup provided with a series of lengthwise tubular struc- 
tures which contained pollens. 

were known as Trigonocarpus, Spherostoma etc. In 

seed the nucellus was free from the integument through- 

Out except at the base. Seeds were large with long micropyles— 
T absent, cupule also absent in Medullosaceae. 

(C) CALAMOPITYACEAE—Menmbers of this family were found from 
U Devonian and Lower Carboniferous. This family is made 
artificially on the basis of the assemblage of stem fossils only. Leaves 

reproductive organs are not known. Calamopitys is the 
common genus. Genera belonging to this family are divided into 
two groups, e.g. Monoxylic form and Pycnoxylic form. 

G) Monoxylic form (ü) Pycnoxylic form 

Important genus Stenomyelon. Important species Calamo- 

pitys americana. 

Tracheids larger and 


rays Wood well-developed, tracheids 
broad, pith 5-angled and of mixed small and r 1 
EN Ero Es ned ays narrow, hence 


š compact in nature. Pith small 
zone of secondary wood With irregular with 4 y 
broad rays- cote aun g i large inwardly 

trace double. 


projecting wedges of secondary 


wood—cortex not found, leaf 
trace single. 


A—Diagra 


705... 9DOrangia. š 
g Nucellar column, OI oom lomaxit (gan? Be s: 
IPAE wi alanas (0$ drame s cien 
ace, 
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II. Mesozoic Pteri 
p I teridosperms—M i i 
peas ine two families viz. (a) Pelia, ay 
one order (c) Caytoniales (Arnold, 1947). 


: (A) PELTASPERMACEAE— Members were known from 
Mid-Jurassic of Mesozoic. This family is based on he 
Lepidopteris. Two important species are Lepidopt: : 


L. natalens. 
Foliage leaves—Small, bipinnate, pinnular 
venation simple, rachis with blister-like swellings: 


the surfaces. 
tructure with sporan 


Microsporophyll— Branched s 
from the side of the main axis. Sporangia Ge 
slits and contained small, oval an mooth-walled poll 
r beak, susp? 


with curved micropyla 
the lower surface of t 


Seeds—Oval 
around a centra 

(B) CORYSTOSPER 
This family is based on the seed, po 
foliage leaves. 

Leaf — Variable, fern-like fronds. 


pteris, Thinnfeldia etc. 
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i i es )—Important 

len-bearing inflorescenc [ tant 

, corem pria -liflorossenoo unisexual, bee ss ie 

"e ejnt ndn branches. sporangia mt os es 
witho ir hiscence, bilocular, pendulou 
tips f E Peri disc. Pollen winged. 


2.6—Mesozoic P 


teridosperms, A—Portion of micros 
. B —Female inflorescence, U; 
gium (anther) of Caytonanthus in Section. D— 


Pollen grains of Caytonanthus, 
» Sagenopteris, F—L. s. of of 
Caytonia, 


(Seed.bearing inflorescences)... 
ary to a small bract, Recurve 
hich bore a Single seed on th 


€ described from Mid. 
It consists Of leaf 


n lender with 3-6 lanceol 
Ong) in pairs of two an is 
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Megasporophyll known as Caytonia. ie. dors 
differentiated structure about s m mede a 
like structures containing seeds in subopposite pairs. | 
flattened, oval, erect with single well-developed integum 
was free from the nucellus. 


Affinities of Pteridospermae—Pteridospermae resemble ferns and gy 
(cycads) in many characters. The nature of the fronds and the pro 
siphonostelic nature of the stele are similar to those of ferns. Again t| 
fications (reproductive structures) of pteridosperms can be coi I 
present-day members of Marattiaceae. The stem, petiole and 
pteridosperms and cycads are similar in many respects. The 
organised female copes and leafy megasporophylls, as seen in | 
common feature in pteridosperms. Now-a-days most of the | 
consider that some members of the pteridosperms show angiosi 
members of Caytoniales (e.g. Caytonia) possess angiosperm-like 
which may be looked upon as a step advance towards the evolu 
carpel. 5 


2.7 BENNETTITALES (CYCADEOIDALES) 


A. The fossils of the order Bennettitales were 0 
Triassic to Lower Cretaceous but were predominant in 
N. America, India and ` 


of Mesozoic era in S. America, à 
places—mainly in the Southern hemisphere. The members 
tales were cycad-like plants which are now extinct. 
tions have shown, however, that the Bennettitales are 
from the living cycads ; hence Bennettitales have been coi 
a distinct order (Arnold, 1947). : 
onsidered Bennettitales as 2 
e division Cycadophyta. ; 
D îi = Benn 5), "" 
Important organ-genera :—Cycadeoidea ( ettites, 
sonia, Doueklandla, Williamsoniella, Wielandiella etc. 
B. GENERAL CHARACTERS or BENNEITIL 


bers of Bennettitales resemble yca 
diversified habit. Following are the characteristic 


order : 
1. Sporophyte short, tuberous or 


slender, branched trunks occurred. 
2. Stem was covered by armou 


E ed). 
prm p uae of ere membranous 5 
ickl ked between the E 

ei 2 n anatomy ike that of cycads— 1e. sn : 
a thin vascular cylinder and a large pid 
lateral and endarch. 
ferns. 

5. Leaf traces, at first endar 
became mesarch and straight. 

6. Leaves were large, plugs © 
ing a crown at the apex of stem 


columnar in fo! 


r of persistent leaf i 


5 
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inally on short 

ive organs were borne termina or 

CU iM Bees eloped. from the stem (trunk). The ren 
often termed ‘flowers’ were constructed typically on a bisporangie : 


8. Male and female gametophytes have not been found. 


i i - hree- 
i cadofilicales with basal cupule, a two- or t [ 
E ads loses dicotyledonous embryo completely filling. 
the 


—This order has been divided into two: 

000 cw ec This o and II. Williamsoniaceae (Arnold, 

1947)  Sporne (1965) has divided the order Cycadeoidales i.e. 

tales into three familes viz, (a) Cycadeoidaceae, (b) William- 
soniaceae and (c) Wielandiellaceae. 


I. Family Cycadeoidaceae—This family is characterised by ovoid 
Or short columnar trunk which was thickly armoured. The flowers 
were borne laterally on the 
trunk and they remained hid- 
den within the armour of per- 


and the best studied genus is 
Cycadeoidea Buck. 


The generic name Cycadeo;- 
dea was employed for the first 
for the petrified trunks ob- 
from the Isle of Whight. 
paleobotanists prefer to 
Call Cycadeoidea as Bennettites, 
generic name Cyca- 
should be used as there P P J 
no structural difference bet- SN J "Pb > B 
ween the two and moreover ` 4 Z 
the name Cycadeoidea was the a 
first proposed name (Walton, 
1953; Andrews, 1961). Nc 
member of this family is known 
from dia except, probably a 
Aus n stem describ- trobilus (partly diagram: 1 
Seudocycadeoidea by receptorit ee: $:on the, 
rane (1950) from Cretaceous by staminal spor ) bear aded 
T Fiehinopoly" (Sitho. mierosporangia (Ml), sn. 
. ley, 1963). i 
ley, 1963) 


A bispo» . 


matic e 


SAT OÍ persistent leaf bases and multicelia? and was Covered by 
The anatomy of stem was like Pee ra): 


i that of ; 3 
» 8 thin vascular st Cycas i.e, With a ve 
es were collateral and saiaren and a Ty 


large Pith—vascular 
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(3) Leaves were cycad-like and arranged in a crown. 1 


(4) Leaf anatomy was like that of fern ie. ve 
were mesarch and provided with bundle sheath. "Ma 
differentiated into palisade and spongy tissues. 


1 (5) Flowers were lateral in position in the bra 
hidden within the leaf bases ; bisexual. Each flower w 
lent to a strobilus or cone, was made up of an expand 
bearing a series of sterile and overlapping bracts. Bein 
these bracts, there were 10-20 stamens or microsporophy 
in stamens covering the rest of the receptacle were carpels 
porophylls and sterile interseminal scales. 


(a) Microsporophylls i.e. Stamens—Stamens were 
like fern leaves bearing two lateral rows of synangia 
pinnules. 

(b) Megaspo 
Carpels—These we 
at the centre of the 
strobilus; each car] 
long and sle š 
an erect ovule. 
packed among 
scales. 


Ovule—Like t! 
provided with an i! 
forming a 3-layer 
seed i.e. outer 
fleshy layers and 
layer. The nuce 
from integument. - 

(6) Seeds—Li 
M a pro 
a basa DE 
of dicotyledonous 
occupied the 3 
onianus (Bennet- Endosperm 


— Cycadeoidea gibs à m. 
Fig. 2 8— Cycas " Diagrammatic represen I. Family M 


i ibsonianus 

vites gib the seed bearing Le temale ^ Members 

xU bilus ; R—Receptacle, ceae i 
- scales, ME-— Megasporophylls. are characte 


seminal f 1 j 
which rarely P 7 
columnar trunk whi h raranged 


branch (shoot). Leav k was cov 
Ç unk. Trunk w 
the tip of the i Ramentum pre 


or stalk enta of 
embedded in the rame, female 
al, though o A art. 23s 


unisexu QUE 
were 7. description re 
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male flowers" i.e. microsporophylls were not obtained. Williamsonia 
‘Carr. is the best known genus of this family. 


i illi i including several 
the family Williamsoniaceae inc ! r 
: Beer genus Williamsonia have Pren pune m Dl: 
us Williamsonia is based on a combi : 
and ffoctifications originally known separately. Eros lp 
genera discovered from the Rajmahal hills in India, Prof. š 
feconstructed a completely known species of Indian Bennettitales 
belonging to the family Williamsoniaceae. 


i illi. i diana 
econstruction has been named as Williamsonia sewar 
fun (For detail description refer article 2.3, Indian Bennettitales). 


. Family Wielandiellaceae—Members of this family possessed 

PR ad and forked (dichotomously branched) stems, They did not 
their trunks covered by armour of leaf bases. There are two 
genera viz. (a) Wielandiella Nathorst which possessed unipinnate 
Compound leaves named Anomozamites. This genus bore female 
on the forks of the branches ; (b) Williamsoniella Thomas 
Possessed simple leaves named Nilssoniopteris. This genus 

bore bisexual flowers in the axils of spirally arranged leaves. 


Some important Indian organ- or form-genera discovered from Rajmahal hills 
of Bihar : 


1. Bucklandia indica Seward—stem 
2. Ptilophyllum cutchens McCI. 


—leaf 
3. Otozamites bengalensis Feistm.—leaf 
4. Dictyozamites falcatus Medlicott & Blanford—leaf 
5. Williamsonia sewardii — female cone 
oH of Bennettitales ( Cycadeoidales) —Although member 


S of Bennettitales 


= m d aun 1n many respects, Yet they differ from them in other 


istinct group. 


» in the structu; 


e two Toups. 


have evolved arall 
foliar megasporophyl] with ovale, 


l ancestor 


d. 
onside which had 


Male flower in the ys 
x Sitholey and Bose (1953) Fa Williamsonia 
out 20 ICrosporo; ns graba] 


al cup fone 
or : 3 
9n the latera] piace” microsporophylls i 


borne in synangin 
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The strobilus (ie. inflorescence) of Cycadeoidea (Ben 
flower. of Magnolia (angiosperm), hence Accord La G 
primitive angiosperms ie the members of Magnoliales- 
anis Pd Cycadeoidaceae of the Bennettitales from which 
evolved. 


2.5 INDIAN BENNETTITALES 


Elements with localities : 

1. Leaves: Prilophyllum cutchens, found from 
in Rajmahal hilis—Amrapara, Brindabon, Onthe: 

2. Stem: Bucklandia indica—trunks with att 
leaves. Found from Amrapara in Rajmahal hills. 

8. Fructification: Williamsonia sewardii—A. 
stage. All fossils have been obtained from Up| 
Jurassic age. 

All the above organ-g 
tion of the complete plant wa 
by Prof. Sahni. 


TRI 


enera were correlated and 
s named Wi 


Fig. 2 9—Diagrammatic representation of yilliamso 

iption of W. sewardiana pee Pe 
ç elit 

Small tree e Ja ee 
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a Stem: Columnar and armoured with alternating zones of large 
(foliage) and small (scale) scars. 


Leaves: Pinnate leaves were slender in a crown. Leaves were 
with pointed scales. Venation parallel. 


x Flowering shoots: The bract covered flowering shoot projected 
well y the armour of leaf bases and was attached to the 

stem by a slender and constricted base. These shoots 
‘Were probably periodically shed. 


al Anatomy of the bracts—The ramentum includes both hairs 
scales. 


— (i) Hypodermal sclerenchyma—thick and Jarger-celled in the 
lower (abaxial) side than the upper i.e. adaxial side. 

A (ü) Seven (7) collateral vascular bundles--2 above, near the 
. middle line and five forming an arch parallel to the lower surface. 

(b) Anatomy of the peduncle : Large, cylindrical pith. Pith and 
cortex structurally similar, traversed by secreting cells. Scattered 
Stone cells were found in the cortex. Protoxylem endarch. Wood 
Mostly poorly developed forming a thin ring, rays numerous ; mostly 


- Secondary tracheids were all scalariform (but in 
Bucklandia multiseriate pit recorded). 


_ Structure of the flower: 
flowers 


Apparently unisexual, only female 
at about pollination 
sign 
pedun: 
were 


stage were borne on short lateral 
vered with leaf bases and scales. No 
ign of arking at fhe point of attachment ; 
b. [ covered by crowded simple bracts which 
Cut off by àn abscission layer from their Persistent swollen base. 
Receptac Ie Iñ emispherical, zone of sterile and faertile scales was 
yee e tile scales were thickest at the top, gradually decreasing 


- General features :— 


Which were also co 
male organs, no disc m 
about 6 cm. long, 


- Ovules were b 
orne 
ength and were surrounded by interseminal 


slight] 
Vascular bundle seemed to Teach the i j 
ped, micropylar canal was a "wasa 
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5. Integument — From th 
) e funnel-sh ening 0 
the integument may be traced hee ke. 


(i) a tube of thick- rmi 
thickening gradually int walled oe Sa 
an i. softer integument around the nucellus and c 

(iii) a delicate membrane s i a 
stalk of the nucellus. urn ae ad 


Other forms under Indian Bennettitales :— 


1. Williamsonia indica Seward—Stem, Rajmabal 
2. W. setosa Nath—Two alternately arranged rows of syn 
3. W. microps Feistm.—Small strobilus surrounded by linear 


W. blanfordi Feistm.— «DO 

W. indica Seward—Imperfect specimen, Rajmahal 
W. santalensis Sitholey & Bose—Male fructification, Rajm 
Ptilophy!lum acutifollum Morr.—Leaf, Rajmahal p 


Bucklandia indica Seward—Stem, Rajmahal sf 
Zamites, Otozamites bengalensis Feistm., Dictyozamites fale 


Blanf.—Leaves, Rajmahal 
10. Pterophyllum sahnii Lele—Leaf, Parsora 

Order Cycadales—Members of this order are mostly inhi 
and subtropical regions. They are often with stout trunks. 

d and thick cortex. Plants are woody, branched or 

and dioecious. Leaves pinna Sporophylls are In cones 
megasporop l not borne in cone). 4 
and motile, 2 in number. Embryo with 2 
one family Cycadaceae. 


The Cycad ) 
They became abundant in the early 
disappear. The members of the 
world during Mesozoic,—hence 
Cycads”. At present mem rs 
subtrol 
i oon, 

amia—al t 

1935.5 


Cycadofilicales in the C 
ales probably aros yeactid then gradu 


a " 
Stangeria, 


pecies. 2 
Baad he genus C i 
ntains t t à ; 
rond ageria and the family cludes the f 
24 CYCAS 
e ol ` 
Cycas belongs to the family Cycadace® under e rder 
of the group Cycadophyta. sà ci Š P 
- n, L. A. S. 1959. The families o EIER lU 
Jobnseproc. Linn. Soc, n NU 
Detionar. of Flowering Plants & Ferns É 


Dictionary 
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, tion: The genus Cycas with at least 15 or 20 (Johnson, 
5) Decio ts widely distributed, but the genus is predominantly 
fepresented in the Eastern hemisphere. Its species are distributed 
Em in Australia, Madagascar, East Africa, India, South 
China and South Japan. 


| In India 4 species of Cycas are found to occur—these species with 
their distribution are as follows :— 
(1) _ Cyeas circinalis L. (Orissa, Andhra and Tamil Nadu extend- 
‘ing to Sri Lanka i.e. Ceylon). Plant is about 4.5 m. tall. Leaves are 
y 1.5 to 3.0 m. long, with 80 to 100 pairs of leaflets: 


Fig. 2.10—Cyce 


E as plant Showing habit 
à; ^ it, 
of Biar Si peetinata Griff. [Eastern Ne 


ssam (Khasia pin paran Distri 
7 Stem is thi ills), Banglad s rict 
Teaves1.5 to 2.0 m, long MAE, trunk abeat a, (Chita 


plant, y Nicob, 
ee Of leat? 6.0 m. high, Lea” rs Islands, Sri 
ycas beddomei D à 
irubs, the stem is upto 40 Asem Tami 
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Besides above mentioned Indian species, other spec 
are (a) Cycas revoluta—This species grows in China 
India this species is grown as an ornamental garden pl: 
siamensis is a Burmese species, also found in Siam 4 
This species, according to Burkill (1953), is nothing but 
C. pectinata. 


-- 124 e 
asra 


—— 


i erse 
1—Cycas stem (two-year old) in trans 


Fig. 2.1 
A. Structure of the Sporophyte 


TERN orocY— Cycas 
es =" won tree-fern. There 


jike a palm tree 
b 1m-fern”. 
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— ts possess a normal tap root system in the 
oe ree system is short-lived and later on is ani 
by a number of adventitious roots. The adventitious roots deve ue 
a few negatively geotropic lateral roots which come out of the soll 
surface, these roots are profusely and dichotomously branche 

roots get infected by bacteria ; the growth of bacteria is very 
- soon followed by the entry of some members of blue-green algae, 
possibly ena sp. within the root cortex—as a result, the infected 
foots become distorted producing a mass of exposed _ tubercles 
Which look like a coral or knob. Hence such type of root is known 
as coralloid root. 


Stem—The stem is tuberous, columnar, erect, unbranched and 
covered by armour of persistent leaf bases. The stem bears at the 
apex a crown of large foliage leaves. 


Leaves—Leaves are dimorphic ie. (1) brown scale leaves and 
(2) large. green, pinnately compound foliage leaves ; foliage leaves 
are arranged spirally at the top of the stem forming a crown. The 
foliage leaves are simple pinnate, very large which may be 0:9 m. to 
2.7m.long. Each pinnate leaf be 


; f ars on its rachis several (50 to 100 
r$ according to species) closely set leaflets 


- Leaflets are tough 
Rene ND. Y e sessile with a narrow base and durent 
margins; each leaflet is entire Which shows onl a simple midrib 
without lateral veins and veinlets. í T ‘ 


The pinnate leaflets show circinate vernation (ptyxis) Alternati 
with large foliage leaves are clusters of small. dry a 
Scale leaves which are also Toughly felted. nt Drew 


2. INTERNAL MORPHOLOGY— 


Stem—In transverse Section the stem of C 

1 ycas assu 

E r eg because .9f the presence of numerous iat bases 

=. i = Barer ^ie section a large pith, a thick Zone of cortex and 
1 In between pith and cortex, Th 

Cylinder i.e. stele is an end i ic ite. DAT 

ofa dicotyion angiosperr, i Phonostele (eustelic type) like that 
The vascular bundles are conjoi 

) Int, 
endarch ; in seedling Stage the x: i AT 
- arrangedina Ting a round 


al ad open ; xylem is 
; the vascular b 
a large central pith ; Pith is Seres 


* 
^. 


n i . hey are 
Tum imn Both the d tex p of leaf traces 
c ; I ; 

p. Me ray amas whic 


: 1 : 

interconnected contain 
thro 

the vascular bundles ^" "1 


ay 
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_ Secondary increase in thickness in stem takes place b 
little amount of secondary wood is formed. The mod 
growth is anomalous. 


The primary cambium ring is short-lived ; 
very soon and a second i.e. a new cambium is dev 
the cortex. This cambium gives rise to a second ring 
xylem and phloem towards inside and outside respe 
process is repeated resulting in the formation of all 
wood and bast. The secondary cortical bundles are 


In the comparatlvely older stem, there may be the. 
such 10-12 alternate rings of wood and bast. In 


in transverse S 
oot ku 


Fig. 2.12— Cycas r xylem. 


formation of secon ar. É 
ed accessory 
bundles, there may be, develops plicated arra 


rings of Iting in the COMP eso co 
in pith and cor "e eriderm formation in the ^ 


tissues in older stem. 
place. 
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Root—The root anatomy of Cycas is almost same as that of a 
dicotyledonous angiospermic plant. In young stage, the root in 
transverse section shows an 
outermost thin layer called the 

, a multilayered paren- 

us Eo atas 
mucilage canals and a central 
vascular cylinder i.e. stele. 
Cortex is internally limited by 
a eoe endodermis 
with parian strips. Peri- 
cycle is multilayered. Stele 
is tetrarch generally. Vascular 
bundles are radial; xylem 
is exarch. Coralloid roots 
one or rarely more than 
one-layered thick algal zone in 
the cortex. Secondary growth 
generally takes pw early, but 
ormation i 

recom oni wood t is 
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Petiole—The petiole in transverse section shows a le 
of collateral and open vascular bundles. Xylem is ated 
upper side and the phloem below. bi 


Leaflet—The anatomy of a leaflet is interesting as. 
phytic structure. The transverse section of a leaf 
cuticularised epidermal layers, one is upper and 
The upper epidermis forms a continuous layer com] 


4 — 
W ist 


y 


TRAN: ON TISSUE 
PRLOEM m 


Fig. 2.15— Cycas sp. Transverse section of a portion 


:on of a leaflet in transy 
Fig. 2.16—Cyeas SD. A Pe detailed structures, 


Beneath the upper vermis are presen 


tabular cells. forming hy T 
tous cells formin?. isting 
h ^ alisade ned oer the P 


Sa dele present: 


L] 


GYMNOSPERMS—CYCADOPHYTA 937 


parenchyma cells containing chloroplasts may or may, not 
occur, Above the lower epidermis there lies spongy parenchyma tissue 
consisting of loosely arranged oval cells full of chloroplasts. Sunken 
stomata are present only in the lower epidermis. 


Most important feature of a Cycas leaflet is the presence of trans- 
Qo in between upper palisade and lower spongy layers. 
ion tissue is arranged parallel to the epidermal layers. 
"Transfusion tissue is composed of several layers of transversely 
elongated, thin-walled, colourless, short and wide cells ; this tissue 
probably serves for lateral conduction. 


- STUDIES IN BOTANY 


3. REPRODUCTION— 


Vegetative reproduction takes place by the help of ad en 
buds or bubils, which commonly arise on the trunk. 1 


Cycas plants are dioecious as the male and female reprodi 
structures i.e. flowers occur on different plants. Flowers are unise 
they are represented by sporophylls i.e. male flowers are 
by microsporophylls (stamens) and female by meg 
(carpels). Only the microsporophylls are arranged in clus 
compact cones or strobili. The megasporophylls are loosel, 
and therefore no compact cone formation occurs. 


(a) Male cone i.e., Male strobilus :—Male cone is a 
structure, cylindrical or ovoid in form and woody is te 
cone Ís very large and upto 50 cm. in length. The cone 
singly or a few at the growing apex of the stem but it becon 
in position by the growth of a lateral bud. : 


Each cone consists of a central axis upon which n 


i ctly and spirally arranged in 
microsporophylls are compactly y spice) oa ee 


measuring about 3.5cm. ) 
12-23 mm. Me H a 
d wedge-shape 
tuta. The basal narrow 
sterile while the flat dis 
is fertile. Beyond the 
of the microsporophy 
n upper expan fi 
often galled apophysis. ae 
under surface (Les abaxial x 
face) of the fertile portion Dues 
ous microsporangla pole; 
or one-lobed anthers) = 


in groups, ie. 10 sori 
Soni. contains 3-5 micro 
gia. The developmen "o 
porangia is of eus, ra ty 
Microsporang!a d n 
with hairs. Each mici 

is almost sessile, u: 


i mother. 
P 7 Megasporopbyll microspore | other coe 
a 2187 Glog megasporangia (ovules). redu cti on division fo 
w ital or pollen grains. Pollen gral ac pu 
in st ithout wings. AUT 
in structure and with inge td " 

i t its ante SERI 
ibo a ben microspores are ready 
pollen è 


GYMNOSPERMS —CYCADOPHYTA 939 


the male cone elongates and microsporophylls get separated from one 
T. 


—Female cones are not true cones because megas- 
poroph eS forts any compact ovulate strobilus. Megasporo- 
phy appear like a rosette structure ; they are loosely arranged in 

tal succession (i.e. spirally) at thetip of the female plant, 
[cam the apical growing point free for further growth. 


Each me rophyll is a leaf-like structure, 15 to 20 cm. in 
length, SUE Id colons andis covered with hairs. The upper part 
of each megasporophyll is pinnately dissected into several segments 
which may be considered as leaflets or pinnae. The lower stalk-like 
part of each megasporophyll bears 1-5 pairs of big ovules (megas-: 
porangia) ; these ovules are borne on two sides of the sporophyll. 


Each megasporangium or ovule is orthotropous and becomes very 

> measuring about 6 cm. in length. A mature ovule consists of 

& massive nucellus surrounded by a thick integument. The integu- 
ment is three-layered, e.g. (a) outer fleshy layer, (b) middle stony 
layer and (c) inner fleshy layer. The nucellus of the megasporan- 
gium remains fused with the integument except at the micropylar 
odi where it forms a beak-like structure called nucellar beak. The 


chamber lies within this nucellar beak. Vascular supply is. 
Present within the integument of the ovule. ee 


Fig. 2.19—Cycas Sp. Medi 
showing the liner. 


an longitudinal Sectio 
-tetrad of megaspores 


nofan ovule 
D = 
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B. The Gametophytes D 


1. MALE GAMETOPHYTE—Microspore is the first 
gametophyte. Each microspore is boat-shaped in form 
provided with an outer thick exine and an inner thin in 
grains are present within the pollen grains. ` 
microspore begins within the microsporangium. ` 

At first the microspore nucleus cuts off a 
cell called prothallial cell at one end, leaving a la | 
at the other end. Antheridial cell next divides into a sm 
tive cell in contact with the prothallial cell and a large tub 
this three-celled stage pollination takes place. nag 


v 429—Cycas sp: À 
Fig. vemm microspore 


lopment of the 
Further eich is as follows :— 


ngates breaking 
lien Le: othe genera 
divides is stalk cell and a body cë 
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cell) which lie side by side. The stalk cell is functionless while the 

ah cell by another division gives rise to two large, spirally coiled, 

-multiciliate spermatozoids. Before the division of the body cell into 
two sperms, the body cell increases in size and two blepharoplasts 

make their appearance at the two poles of the nucleus. Body cell 
next divides to form two sperms to each of which a blepharoplast 

- gets attached, forming a large spirally arranged band on which: 
numerous flagella arise. 


2. FEMALE GAMETOPHYTE—The female gametophyte is monos- 
ie, out of the four megaspores, only one becomes the: 
megaspore. 


Development of the female gametophyte takes place entirely 
within the megasporagium. The megaspore is surrounded by a tough 
membrane which later enlarges, its nucleus divides and redivides. 
freely forming numerous free nuclei which are distributed in the 
cytoplasm of the megaspore ; next a vacuole appears in the centre 
and thereby the free nuclei are distributed in the peripheral cyto- 

Cell wall formation between the free nuclei takes place 
the periphery extending towards the centre until the megaspore 
cavity is filled up by a cellular tissue. AS a result, a solid mass of 


gametophytic tissue called endosperm tissue is formed, which is 


© regions viz, (a) regi 
larger cells near the chalaza and (b) the region of eet 


us and an egg nucleus, y divides to form a central, 


8 221—Cycays 
] D. A-B—Stages i 
. A-—Formation of ges in the development of th 
re). Be Faspore (lower enlarged one bows gametophyte. 


ine c... Longitudinal secti ional 
showing female gametophyte wi Oi a mature ovule 


! : š With archegonia 
_Gtchegonium consists j 


| ane Of two neck 
2g T€ is no neck canal cell s poil nucleus 


Ure female 
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gametophyte the archegonia are found below a 
archegonial chamber, this archegonial chamber is for 
growth of the surrounding tissue. 


G, Pollination 


Pollen grains i.e. microspores are liberated 
porangia at the 3-celled stage. In Cycas bai 
anemophilous (wind pollinated). Pollen grains 
pollen chamber of the ovule by wind. 


tal sta 
i _D—Embryo in developita 
Fig. 221—^ sas em 
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then due to further drying up of the pollination drop the pollen 
chamber is closed. 


` At the time of pollination pollen grains are directly deposited on 
the nucellus of the female gametophyte. 


D. Fertilization—Pollen tube grows towards the archegonium of 
the female gametophyte. There the end of the pollen tube bursts and 
discharges its contents into the archegonial chamber. Then motile 
male cells i.e., sperms swim towards the neck of the archegonium 
and make their way down to the egg cell. One of the sperms fuses 
with the egg nucleus or oosphere, as a result a diploid Oospore or 
zygote (2n) develops. 

E. Embryo and Seed —After fertilization the Zygote enlarges and 
ar divisions into numerous free 


nuclei (64 to 256 nuclei) which are distributed in the cytoplasm. 


Now wall 


of this proembryo (Fig. 2,2 
and d 3 T a 8. > 2. C) 
gra ay, port upto the periphery until the entire structure 


The basal cells of the proembr 
yo are small 
with dense cytoplasm ; from this basal regi p oe 


Dersal of seeds. yr Pleasant odour att 


x . he seed falls to 
into a seedling (young Cycas naa und and eventually 
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female) are very much reduced. Male gametop 
by the pollen tube with persistent prothallial cell ai 
female gametophyte is represented by the endosy 
the megaspore having archegonia. After fertilization | 
a sperm, the oospore (zygote) results which is the 
diploid phase i.e., sporophyte. va 
Megasporangium«-—-—Megasporophyll male I 
"Ovale" (Carpe) (n) MU paas 
n 


+ Microsporangium«-Microsporo- <M 
Megaspore (Pollen sac) phyll (Stamen) plant 
mother cell (27) (2n) (2n) (2n) k 


| Microspore mother cell (2n) 
| SPOROPHYTE (2N) 


| MEIOSIS | Nac 


GAMETOPHYTE (N) | 


Microspore (z) 
Meet (Pollen grain) 
Male gametophyte rs 17750800 MOM 
n 


Female gametophyte (0) —23 


Fern characters of Cycas :— 


fern in the following characters pa 


(c) On the abaxial 


borne in so 
Jmportance : 
Economie ot and eed 


ja etc. à i 
Mas page this star a meetin 
obtained from the vire ata contain eae pit 
as 
Sonde. Soni species of Cyca plante 
value. 


uit Coniferophyta 


e iferophyta ircludes four orders viz., Cordaitales (extinct), 
Coro enm od living), Coaiferales (both extinct and living) and 
(living, recent). 


its of Coniferophyta are characterised by having larger plants with 

stems and simple leaves. The stem in transverse section shows 
thick wood and a small pith. Microsporophylls (stamens) form simple 
megasporophylis form compound cones. 


bers of Coniferophyta form extensive present-day evergreen forests, 
abundantly distributed in temperate regions. 


. CORDAITALES 


° Cordaitales were dominant members of Paleozoic gymno- 
Us vegetation and they were contemporary with the Pterido- 

group appeared in the Devonian period, reached their 
ype of formation in Carboniferous and then gradually dis- 
d in the Permian period. Members of Cordaitales are 
from Great Britain, America, France, India, Russia, China 


° Cordaitales are known from detached parts which were given 
ng Organ-generic names : 


- 1. Cordaites—Stems and leaves 


x Mesoxylon, Dadoxylon—Wood 
f 3. Callixylon—Trunk, Poroxylon—Trunks and shoots 
Do Noeggerathiopsis—Leaves 


>. Amyelon—Root 
E Cordaitanthus (= Cordaianthus )—Strobili 


-. Cardiocarpus and Cordaicarpus—Seeds 
* Artisia—Pith casts, 


Family Corp e 
ram AITACEAE— Th i 
this family is Cordaites, ee i" 


Portant and princi 
Orkers consider Cordoba 
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as the only genus of this family, other generic names at ° 
by them as form-genera of the different parts of the gen 
The names of such form-genera constituting C 
follows : 

1. Wood—Cordaixylon, Mesoxylon, Dadoxylon. 

2. Roots—Amyelon, generally found to be 
Mesoxylon. 

3. Stem and leaves—Cordaites 

4. Inflorescences and strobili—Cordaianthus — 

5. Defoliated branch compressions—Cordaicladus — 

6. Pith casts—Artisia (m 

7. Seeds—Cordaicarpus, Cardiocarpus, Sama ro 
spermum. 

Genus Cordaites is known from Upper Carboni 

Habit—Tall and slender trees with trunks often 
in height and 0'9 m. in diameter; trunks bore 
branches in which were produced abundant leaves. 


onii, Staminate stro 
Fig. 3.1 Corde gt MS—Microspo 
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i — k was branched at the top. Histologically the 

: deu m was made of a large parenchymatous pith, a small 

ount of primary wood as compared to the secondary wood which 
well developed and a thick layer of secondary wood. 


Roots— Histologically it showed a central triangular protostele, 
- of di- or tetrarch xylem ensheathed by secondary wood. The 
. periderm in the cortex was also noted. 


Leaves—Leaves were simple, leathery in texture ; usually large, 
long and slender; linear-lanceolate to spathulate in shape, midrib 
absent, margins entire and venation parallel. Leaves were spirally 
arranged on the ultimate branches i.e. branchlets. Histologically the 

was very variable, cuticle was fairly thick and well deve- 


Hypodermis, composed of 1-2 layers of thick-walled cells, 
was present beneath the epidermis ; 


mesophyll tissue was composed 

n tissue ; vascular bundles were arranged in parallel series ; 
Was mesarch or sometimes exarch, transfusion tissue-like 
comici elongated cells connecting vascular strands were 


's or Strobili Were borne on the stem among the 
. leaves. The main axis of the inflorescence was a slender stalk bearihg 
within the axil of each bract was a short bud-like strobilus. 


g female gamete wgament 
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Female strobilus— Each contai 

à i ontained 1-4 megasporoply 

ka: ring "d termina! moo ; em 
€ and they bore 2 terminal fi 

ibe get Megasporangium had an clone ale 

which was free from the single integument. 


Male strobilus— W as Compose: 5 aic 
d of 1 6 or more n 

each of which contained 1-9 terminal elon ted unilo 

ga : 


Male gametophyte—Not much is known e t] 
(microspores) of Cordaitales, were sloboid in pe 
about 100, in diameter ; each pollen grain, after sh 
a thin inner intine and a thick cutinised outer 
inflated into a single large air sac. This air-sac p 
the pollen buoyant. The pollen contained a multi 
gametophyte. The cavity was lined with a layer of 
4 or 5 spermatogenous cells were also noted some! 
structures are not confirmed yet. 


Female gametophyte—It is presumed that the female 
was an elongated structure, provided with two arche 
times a gap in the place of gametophyte was 
specimens. à 

Seeds— Seeds were flattened and heart-shaped, the n 


was surrounded by a two-layered envelope (testa) ; the 
the envelope was laterally expanded into an encircling W 


structure. 

Embryo—Untraceable. el 
(B) Family PrryACEAE— This family is based on. 
ive shoots. Impor" 


characters o e 
are; Callixylon, Archaeopitys (these e Š 


Devonian) and Pitys 
The trunk fossils had a 
by strands of primary mesarch xylem—some o wi 


with secondary xylem whil / 


the form of a compac 
rdered pitted trac 


5m. in diameter ; 


Callixylon trunks were l tys is known 
The genus Pity. dayi were 


3,0 m. 
indrical, 4 to 6 : 
uera Calan ded with hairs an 


Members of the family Pityaceaé Po "wu es 
š Tg r Corda him this placing is only provis 
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i. i iation 

Ex » very of the Callixylon-Archaeopteris associa 
by Beck Nidan e at mm ii doubt derer re sar ie oes Ge) 
jon, and even of other genera of the family Pity: Cd AL Sl 

| Archae upper Devonian fossil fern) fron ls a 

identified fen gt x (a well known Devonian stem iy 
to the family Pityaceae of the order Cordaitales of Se ie 
This Created a great problem regarding the status of the family Pityacea 
É its lonship with the Archaeopteris fern. At the same time it does not pens 
Po es Call! xylon stem specimens have become the synonyms of a Au 
Archaeopteris leaf s; ens, butit may be that the frond-genus Archaeopteris 
a stem like that of Callixylon (cordaitalian gymnosperm). 
bat gymnosperms (both Pteridosperms & other Eo 
p of hypothetical plants having combined characters o 
fophitsles with secondary wood and heterospory. The name 
containing hypothetical plants is suggested as Progymnosperms. 
erns e.g. Cladoxylon, Stauropteris and Archaeopteris belonging to 
may be the members of this group Progymnosperms. 


(c) Family POROXYLACEAE— Consisting of one genus Poroxylon 
with tw 


© species from the Permo-Carboniferous of France. This 
genus is known as trunks and shoots. 


Stem—Large Pith was surrounded by a ring of exarch primary 
nd Strands, these strand 


S Were in contact with the secondary wood 
Was composed of larger cells and broad rays. 


Seeds—Some Cordaitean seeds, known as Rhabdocarpus, were 
found in association with the leaves and stems of Poroxylon. 

Indian Cordaitales—From the Lower Gondwana rocks of India, 
three species of Ipetrified wood, three Species of leaves and three 
Species of seeds have been discovered (Sahni, 1933), these are : 

EE Noeggerathiopsis hislopi (Bunb.) Feistm.—this species 
ranges from Talchir to Panchet (Talchir, Karharbari, 
arakar and Raniganj ; Parsora Stage). 
2. N. Stoliczkanus (Feistm.) Arber—Karharb 
Euryphyllum whittianum Feistm. 


b 


ari Stage, 
—Karharbari (Buriadi), 
araker Stage, 
- D. zalesskyi Sahni—Raniganj Stage (As iganj 
Come ge (Asansol, Raniganj 
Cordaicarpus furcata Suran 
ë Be & Lele— i 
(near Goraia, Johilla river valley, Madhis hiciste 


Karharbarj Stage, 
niganj Stage, 
f Cordaitale 


s show affinities wi 
niferales, utes with 
in’ pe large pith, altales have 
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parallel-veined leaves (e.g. Cordai 

.B. ites), the sec 

» «sc oun miris type " ius M 
strobili of Paleozoic Conifers e. 

Pei the cordaitalean strobili in mhorpholo bis p 

exhibit resemblances with the Ginkogales in the presence of p: 

and double leaf trace. : 


_ Order Ginkgoales —The members of this orde. a 
distribution in the Jurassic period, although eM 
single present-day species Ginkgo biloba. The fossil mem 
probably appeared in the Devonian period of Paleozoic era, 
the Triassic period and reached their climax in the Jurassic pei 
era, after which they began to decline. The present-day single £ 
had also an almost world-wide distribution in the Jurassic pé 
members of the order Ginkgoales are represented in India from 
by leaves ; such leaves are mostly of fragmentary type and 
assigned to the genera Ginkgoites (G. lobata, an incomplete leaf ; 6 
from Jabalpur Stage) and Baiera (B. indica, from Parsora in Mad 
The present-day species i.e., Ginkgo biloba is the only relic of the 
this order. This surviving species is found to grow in wild co 
of South-East China (Li, 1956). But it is now cultivated in C] 
as temple tree. 
The order Ginkgoales contains only one family viz. Ginkgoa 
Ginkgo biloba, This order is characterised by medium 


with tall and branched stems. Leaves are flattened, 
with dichotomous venation. Pollen sacs in pairs on shortly-s 
that are arranged in simple spike i.e. strobilus. Ovules are in. 


structure, 


8.2 GINKGO 
The genus Ginkgo belongs to the family Gin 
Ginkgoales under Coniferophyta. 


Distribution—There is only one š 
piloba under the genus Ginkgo. This species mor d 
is the only relic of the past members of we pu 
The genus Ginkgo has now reduced to a zm ae 
probably escaped extinction by cultivation In © ae 
temples. Because of the presence of several pum d rol 
because of its long geological history, Ginkgo RE d 
“living fossil”. Ginkgo biloba is mostly con 


ina and Japan and is planted near 
This species is now being cultivated as orn a 
the subtropical and temperate regions o a eee 
plant is f. ound as cultivated ornamental plan 
ing, Dehra-Dun and Mussoorie. dell 
-go biloba is commonly cahe ma 
hei OF G. biloba look like the leaves 


Adiantum Sp- 


kgoacea 


ne surviving species 


D The branches are irregular 
long and dwarf branche 
éhes of limited growth i.e. 
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Jong shoots grow rapidly while the dwarf shoots grow slowly. The 
dwarf shoot possesses a crown of foliage leaves at the apex and leaf- 
sears near the base. In Ginkgo, the root is a long tap root which 
penetrates deep into the soil. 


Fig. 3.3—Ginkgo biloba. A-— À portion of the m 
g EA ale dwarf i 
a AD strobilus. ire gd vom microsporophyll. Cpap. Root caring 
ho female dwar! aring a number of mega i 
bw ai eed megasporangium. mispo—microsporophylls i T 
ale leaf ; ds—dwarf shoot (spur shoot) ; Is—lon. shoot: 
p; mis —microsporangia ; me—megasporangium ; got 
co—collar ; pe—peduncle. 4 


dwarf shoots. The leaves which ari 


2. INTERNAL MORPHOLOGY— 


Stem— The st i 
pithanda thi: caa Ginkgo show 


9 : 
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One-cell wide parenchym 
at 
development is also noted EE 


Leaves—Mesarch bundl | 
é I es are noted in the y 
seedlings but in the mature leaves this character is 1o 
two exarch, collateral, vascular bundles surrounded 
each petiole and dichotomise in the veins. 


The leaves of the long shoot possess pali i 
are absent in the leaves of the dwarf devo Ey 


The upper epidermis is continuous, single-laye 
stomata. Stomata are present on the lower epiderm 
mesophyll parenchyma cells are transversely elongated | 
parallely with the epidermal layers, they are called ri 
Palisade parenchyma is present just below the 
Vascular bundles are closed and collateral. Promine 
canals are present. i 


Root—The root possesses radial vascular bundles. 
diarch. Large cortex, an endodermis and a pericycle ai 
outside the stele. Mucilage canals, tannins and sta 
parenchymatous cells of the cortex. 


3, REPRODUCTIVE STRUCTURES—Ginkgo biloba is mot 
and dioecious. Male and female strobili occur on E 
plants respectively. These strobili are borne in the axi 
leaves of dwarf shoots forming clusters. ry 

‘obilus 


(a) Male or Staminate strobilus—The male str 
he apex of dwarf shoot. 


in loose catkin-like cluster at t ; 
of a central axis upon which microsporophylls are iri ec 

ture microsporophyll has a slender stalk 
vot D-like or -like enlargemen 


i knob-like or hum 
afterwards into à nt P'icrosporangla are 


side of which usually two pende 
hump or knob-like Y largement of the stalk of the micr 
considered by some authors as a sterile third mee 
times 3 to 4 microsporangia have been. obtained. 
the microsporangium is of eusporangiate type. 
porial cell, primary Bir DEC 
enous cells i.e. S ) 
e is Tinicrospore mother cells. Microspores 
formed form the microspore m 
Microsporangia dehisce throug 


! tine and an 
is surrounded two lateral ears 


bilus—The ovulate 
(b) Female or igor fe shoots and they 


borne in g bil 
reduced. A ftro xil of scale leaf, near the tip of W 
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At the base of 
M ne degenerates. ich is 
ures into a seed. pha - Me or collar-like bene ea “Seni 
i eter ofthe sporophyil. Sometimes 
bls ru 


+= 34- Ginkgo biloba. A. A Portion of th 
ME PE Ciske Of the leaf in t, S. pe—periderm 
E $5- + CO— Cortex ; 

H 3 PP—palisade Parenchyma ; 
^ tt—tra: 


nded by a Single thick i 
eshy layer, a midd 
1 


ch only th N meiosis 
ee degenerate, Aus Dwermost 
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B. Structure of the Gametophytes 


1. MALE GAMETOPHY TE—Ger mination of the 
pollen grain begins while still remaining within the ! 


Fig. 3.5— Ginkgo biloba. Different stages (A-E) in the develo 

etophyte ; in—intine ; ex—exine ; ani—antheridial initia 
prothallial cell ; 2nd pc—Second prothallial cell ; tc— tube 
ell ; blp—blepharoplast ; bc— 

stalk cell ; spm— sperms. 


gc—generative c, 

SC 
cell and a small first prothallial cell. The larger anthe 
divides again to form a persistent second - prothall 
antheridial cell. The first prothallial cell soon deg 
antheridial cell further divides to form a generative ce! 
cell. At this 4-celled stage, pollen grains are shed from 
porangium and they are carried to the micropyle of © 
ing the micropyle they are suc 


wind. 
of liquid called pollination drop and finally depos 
chamber. 


The intin 
tube which ac 


ited in 


f the pollen rain protrude 0 
ate tori P The pollen tube moves. 


haustoria. 
ophyte way the pollen tube 
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— 2. FEMALE GAMETOPHYTE—TIhe functional megaspore represents 
‘the first cell of the female gametophyte. The megaspore enlarges 
in size and its nucleus divides freely to form a large number of free 
nuclei. There is a glandular zone encircling the functional megas- 
pore which disorganises the nucellar tissue and makes a space for the 
= g female gametophyte. So the megaspore is surrounded by 
h (i) digested, (ii) digesting and (iii) storage zones. Cell wall 
_. formation next starts at the periphery and then it proceeds towards 
‘the centre and thereby a spongy nutritive tissue (endosperm) is 
ñ + The endosperm is green in colour. 


pex of 
pn Showing the um 


ian longitudin 
xu median 1. s 


? ac—archegonial chamber , Cut Pole 


mber ; ar—arch ` PC—pollen 


*gonium. 


» the gamet ` 
ra Upper end of thy ,I "9 or t ophyte 


: he opper en the gameto h 
al cal ga Ë gonium consists Hee) 
al cell fgg. The archegonia] a asad P > 
| inkgo- 
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is cylindrical surroundin 

I g a columnar mass of gi 
upon which the nucellar tissue rests like a tent of a p 
columnar gametophytic tissue is called ‘tent pole’ stt 


C. Pollination and fertilization— These take pla 


The archegonial chamber becomes moistened b 
charged from the pollen tube. The egg and sperm n 


together to from the zygote or oospore, j 


. D. The Embryo and the Seed—After fertilizatio 
division of the zygote nucleus takes place giving 
nuclei. They are evenly distributed within the cy 
cell walls are formed between them and the em 
differentiated into 3 zones, such as elongated micropy: 
middle cells and smaller compactly arranged basal ce 


Finall two or sometimes three cotyledons, the rac 
plumule containing rudiments of five leaves are formed 
base. The seed normally contains one embryo. | 
and is protected by a distinct three-layered seed coat. 
from the ovular integument. The outermost layer of. 
is fleshy, the middle layer is hard and stony, a 
into a thin fleshy layer. The germination of 
which finally gives rise to a new Ginkgo plant. 


E. Life Cycle 


— Male plant—— Male strobilus— M 


Ginkgo biba ant—Female strobilus>M 


`N Female pl 


(Sporophyte 
plant, 2n) 
+ 
Bc 
3 
317 
E š 
$^ | SPROOPHYTE (2N) 
l PTT T i PITTILI PPTTILLI esse... PTEPPLLLLL LUAM 
pi B GAMETOPHYTE (N) 
^ 
| N| Female MERN 
— <—— 
zy Gg rz] gametophyte (n) (n) 


M «— ——Male 
T Y Bac gametophyte (n) 


ji iloba ate 
ortance—The seeds of Gi go Oi d 


Economic imp ince ods. “THO timber 


oil is also obtained from 
building materials etc. 
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(1953): Conif: i i he basis of 
ins 54 genera (including Taxales) and on t 
r 1 ee er od into two geographical gona ves Normen asd 
à f fossil conifers, it has been shown. a 
foie. From the ik the Northern and Southern hemispheres during 
the Upper Carboniferous and Permian periods. 


mem! iferales constitute dominant forest vegetation in the 

cB. -— T gente and regions of high altitude. In India, conifers are 

mainly confined in the Himalayas and adjoining areas. Members of Coniferales 

Are mostly trees with some shrubby species, stem is much branched ; they are 

by the formation of cones i.e. strobili. The male strobili are simple, 

cope-like in structure; the female strobili are compound, also cone-like except 
the taxads and podocarps. 


(4) Araucariaceae,. 
(5) Podocarpaceae and (6) Taxaceae. Pilger (1926) divided Coniferales into 
Torreya), (2) Podo- 
a, Agathis), 

(genus: Cephalotaxus), (5) Pinaceae (genera: Pinus, Abies, 

Picea, Cedrus), (6) Sequoiadendron): 
Thuja). Some workers 


'51) and others Proposed that the taxads 
including the genera Taxus, Torreya, Cephalotaxus, Nothotaxus (Pseudotaxus) 


etc. be placed in a separate phylum or order Taxales, equal in rank to the 
Coniferales, as they were other members of 
‘College Botany — Vol. IT (1970) grouped 

( Cifras a nging the taxads?) under 
eae (genera : Lebachia, alchia, Walchianth , 
etc.), (2) Voltziaceae (genera : Voltzia, Ullmannia, BM Viti 


: on Pseudovoltzia), 
eirolepidace: : 

epis), (5) Protopinaceae (genera : Protopodoca m s 

lon etc.)—those five families include only fossil members ° 


Ë 
s 
š 
Er 
3 
2 
5 
gi 
g* 
3 
5 
E 
B 
B 


rpoxylon, 


+ ; (6) Pinaceae 
y contains 9 genera with ies; i 
are Pius Abies" nd Tut with about 145 species ; important 


+ Podocarpuse, Phyl] lad dai 
and (11 ^ A Yitocladus, Pherosphae; 
e ( ), Cephalotaxaceae (contains only one genus Cephalotaxus". ith ate) 


The last 6 families include both living and 
$3 PINUS 


Pinus belongs to the family Pi 
Of the division Coniferophyta gee Sas under tho Order Coniferales 


Distribution... Pinus th 
» the most dominant 
Conif e EA Tepresented by abo eles, Of the order 


repr ut 90 specie 
y distributed throughout th pecies. The genus 
- : © temperate and subsalpine 


i 245.25 distribution and habits of the Conifers and taxads, Evolution, 7 (3): 

ees Placed under Separate order Taxales, 
Genera in India, 

India from Japan, 


fossil members, 


ee {i Introduced in 
- *** Introduced in Indi i 
rh India from E, Asia; now Cultivated in Indian Bardens 
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regions of the Northern hemi 

belt. It is widely M and forms an 
of resin and timber. I in the hills and is an 
occur in the North-West à n s a 
Sahni, 1960). nd North-East Himalayas (Ra 

(1) Pinus gerardiana Wall i 
22.0 m.), found i all. (the Chilgoza pine), 
from 1 800 to ae Aon Himalayas at 

(2) P. insularis Endl. (syn. P. k 
(upto 45.0 m.), found in ERES Hie a 
eyes s o altitude of 1,000 to 2,500 m. ` 

. roxburghii Sarg. (syn. P. longifoli: je 
tall tree (upto 30.5 m.), found jn dis P. m 
between the altitude of 450 and 2,250 m. 

(4). P. wallichiana Jacks. (syn. *P. excelsa, P. 
Blue pine—A tree (upto 45.5m.), found in both the 
Eastern Himalayas between an altitude of 1,800 and 

(5) P. armandi Franch. (Armand’s pine)—A n 
tree (upto 15 m.), found in NEFA above an altitude 

(6) P. merkusii Jung. (the Tenasserim Pine) 
hardly reaches a height of 3 m. Found to grow profuse 
in Eastern India, Bangladesh ; often coming down to 4 
150 metres. 

A. Structure of the Sporophyte 

1. EXTERNAL MORPHOLOGY—A tall, evergreen and 
strong tap root system. The tree takes a pyrami 
due to development of racemose branching. L 

stem is erect, stout, cylindrical and 

stem is covered with bark which is characteristic of i 

Branching is monopodial. Branches are of two kinds, V 
wth (dwarf or spur shoots) an 

wth (long shoots). The í 


branches o i 
in the axils of sca 


develop 10 
These dwarf shoots possess sc 
leaves at their apices. E ind 

rong tap roo sys Y 
Phasa atro: d itious Toots. 


x 


Stem—The 


may b 


long and 85 
attain maturity- l 
dwarf shoots. The main 
by the needle-like leaves. 
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2. INTERNAL MORPHOLOGY— 


Stem—In transverse section the stem shows a thin cortex, a large 
‘one of vascular tissues and a small pith. 


The stem is differentiated into outer cortex and stele i.e. central 
ylinder. Epidermis and pericycle are not very distinct. The pith 
‘is parenchymatous, 


$ The epidermis is one-cell layer thick and consists of tabular, close 

e cells—the outer walls are cutinised. The cortex is composed 

. of parenchyma cells. Resin ducts are present in the cortex. The 

. vascular bundles are conjoint, collateral, open and endarch (ie. the 

jet ey e: med. towards fs PE. The primary permanent 
y tissues are developed in the 

dicotyledons of angiosperms. Š FORUM ain 


Fig. 3.7— Pinus Sp. Shoots bearing male Cones 


€ xylem exclu ; 
No race acheids with b um 
tubes and phi and wood fibr S o Ordered 
Stele is ectophloie disse arenchyma ; ¢ sis Phloem 
xylem and Cted si honoste] 100 cells 
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contains special tracheidal rays i.e. the medullary | ys 
dary wood contains tracheids; the medullary rays! 

bast or phloem consist of starch-containing cel 
matter containing cells. Resin ducts are also pre: 
wood, 


iN 


GE 


— 


ENS 
Sg Ponte 


Pi 
^at, 
£) 
> 
ee 


T. 


s 


C) 
< 


c? 


g ssy 


Fig. 3.8—A portion of a Pinus 8 


rk cambium appears successi 


vely in the 
E the phloem. i 
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Root—The root in transverse section shows an outermost piliferous 
layer (epiblema), a multilayered cortex composed of ‘parenchyma 
and a diarch to tetrarch vascular cylinder. There is a single-layered 
endodermis which is followed by a pericycle ; pericycle is several- 
layers thick sometimes. Protoxylem is exarch, it is slightly forked 
in the form of *Y'. Resin canals, opposite to each protoxylem group 
Often occur. Pinus root is mycorrhizal because of the presence of 
& fungus on the surface of the root forming ectotrophic mycorrhiza. 
Root hairs arise in young root but disappear ultimately. 


Leaf—The leaf is needle-shaped or acicular, the anatomical 
Structure is peculiar. The anatomy of leaf shows xerophytic structure. 
E eed pae Ent is somewhat semi-circular in outline i.e. 
» centric type. The outer walls of leaf epidermis are heavil 
cuticularised : y 


As 
by 7 


O) 
ACD 

— Ç 

ris 


i 
roe 

SD 
< 


eee. 
EAP NY 
SIN 
oT 
STOMA 
yy EPIDERMIS 
CUTICIE HYPODERMI S 
Fig. 3.9—Transvers 


€ section of a needle of Pinus sp, 
- The vascular bundles 


xylem Parenchyma is i 
cells are rich In more abundant. Some hl 
inous cells. dense cytoplasm and such elle ui 4 


The most conspi 
» a : 
Mn voce is the presence of transfusion t; 
mes es. e pericycle cel] collect ee 
= ells are Collectively 


arenchym 
a 
are known as 
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called transfusion tissue. The transfusion ti i ç 
of cells e.g., (1) thin-walled, non-living lenited IRE I 
cells) whose function is translocation of food from me 
phloem and (2) living, non-lignified parenchymatous c 
lose cell walls (albuminous cells) whose function is conducti 
and dissolved mineral salts from xylem to the mesophyll t 
parenchyma cells contain tannin and resin-like substances 
Towards the xylem the transfusion tracheids are elo ate 
away from the vascular bundle. They are short and pa 
The transfusion cells lying very close to phloem are sin 
minous cells. According to Huber (1930) the transfusi 
and transfusion parenchyma form continuous systems an 
systems interpenetrate each other. The transfusion cells a 
conducting system helping the vascular bundle inc 
mesophyll for physiological purpose. The mesophyll. 
usually differentiated into palisade and spongy cells. ` 
mesophyll have ridges on the walls projecting inside the 


known as arm palisade. 
The leaf shows xerophytic structure as the epiderm 
cuticularised with stomata having sunken guard cells 
overtopped by subsidiary cells. Below the epidermis lies 
chymatous hypodermis having fibre-like t ` 


hick-walled lig 
3, REPRODUCTIVE STRUCTURES— 


ative reproduction with the aid of 
not been reported. 
The Pinus plant represents the sporop: 
is monoecious i.e. male and female sporophy 
plant but in separate cones or strobili. Flowers are u 
are represented by sporophylls i.e. male flowers by mie 
(stamens) and female flowers by megasporophylls ( 


(a) Male cone or 


they form compact ant I r 
length. They occur singly in the axi 
replacing thereby d 
morphologically equival neers 
is provided wit 
eher Py hich numerous 


Veget vegetative m 
structures has 


thalamus), upon 

(Piraliy The microsporophylls are born 

therefore, the male cone 18 homologous 
r d not to an inflorescence: 


angiosperm an i 
0 to 135 in num 
and vary fron prie stalk (i.e. filament 


e on the lower 1-€- 
a are bores n of each microsporophyll. 


rangi 1 
fike expanded portion o E 
i i i blong in S apes | 

i rangium Is sessile and o pi 

of e Li pim layers of cells. The developm : 
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prangium is of eusporangiate type. A nearly -mature micro- 
yangium contains inside microspore mother cells surrounded 
by a sporangium wall and tapetum. Each microspore 
r cell by reduction division forms four haploid, uninucleate 
pores or pollen grains. Each mature microsporangium, there- 
ontains numerous microspores or pollen grains. The pollen 


(STAMEN ) 


MICROSPORANGIUM 
(POLLEN SAC) 


MICROSPORE 
( POLLEN GRAIN ) 


Fig. 3.10 AS: A male 
Y cone of Pinus sp. i AG 
efe aeui Or stamen (ventral surfaci ginal section, B—Single 
ed and yellow ;4 men (side view), 
ehisces y y n. SH When mature 
& gitudina] slit along the ee micro. 
axis, As 
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a result large number of pollen grains get released 
which is often called ‘shower of sulphur’. 


(b) Female cone or Ovulate strobilus :— Female c 
cone-like structures and they are compound in n 
in clusters of 1 to 4 in the axils of scale leaves ol 
taking the position of dwarf shoots. At first they are gt 
and gradually become brown-red. 


c 


Fig. 3.11—Pinus sp. A—A female cone or ovulate strobilus. 


. C—L. s. of a part of female cone s: 
female cono, Ç scale and ovule. D—An ovule in young 


st 
hard, -woody and dry 
de which ‘numerous megaspor 


—— 


The female con 
ofa — axis up d 
red ly-stalked and 

orophyll is shortly ^ 

Pm eae ba a bract scale attached om 
Ov uliferous scale. Each ,ovuliferous ben spa 
S kr porangia (ovules) RES 


E ee n and ovuliferous scale 


vascular traces. T 
s 
An ovule consis c 
ntegumen 
i ent. The integu dipsa 


region and open at the 
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| integument consists of 
er are not formed here. The in S 

rm nl ¢.g., an outer fleshy, a middle stony and an inner 


‘fleshy 


Fig. 3.12—Pinus sp. Vertical longitudinal secti 
associated structures. 
Only one megaspore mother cell is differentiated within the 
nucellar tissue, which by meiosis gives rise to a linear-tetrad of four 
megaspores. Ofthese four mesaspores, only the lowermost one is 
the functional megaspore while others degenerate. 
D. Structure of the Gametophytes 


l. Marg GAMETOPHYTE—Microspore (pollen grain) is the first cell 
of the male gametophyte, which i i i i = 
2 ong eene The exine becomes inflated into two wings. Germina- 

cros inside the micros orangi 1 
the shedding of microspores, P wa. before 


Microspore nucleus cuts off two small prothallia] cells o 
another and a single larger antheridial cel], Prothallia] cells vieles 
persistent, they degenerate Very soon. 


on ofan ovule and its 


Ë an unbranched x 
Pe rative cell moves and en ee 


HYTE—Female gameto 
Phyte or 
Megaspore RR es part I Only the lo mbryo sac 
š 1 evelopment In the development 
| the megasporangium, of the gametophyte takes placa 
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The functional megaspore enlarges in size, its n 
redivides repeatedly by free nuclear divisions f 
small nuclei (about 2,000) without walls ; these fr 
buted in the cytoplasm of the megaspore or ei 


E "ni 
tages of the 
.F— Different stages 0. | 
Fig. A 1$ Prio yaa the development of th 


PN 
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these i i i fashion. As 
eriphery in a centripetal 

ome A RT yae erta tissue, maoga p ees 

' is ER ; this tissue is composed of one kind of cells. 


Towards the micro- 

end of the gameto- 
— imed 2103 archegonia 
are formed from the 
d superficial cells (archego- 
nial initials) ofthe female 
gametophyte. At first the 
archegonial initial divides 
transversely to form an 


upper neck initial 
and do nns central 
. cell, 


|. Each  archegonium 
consists of a neck of eight 
EL from the 
neck 


ial), one ventral 
canal cell and a large 


develo from the 
n. cons pd Neck 
canal cell is absent. 


c Pollination—Pollen 
grains, after liberation 
rom micros i 


porangia, 
are carried by means of 
wind at the 4-celled Stage. 


r Fig. 3.14— Pinus sp. Lon 
ns are carried 


N gitudinal Section of a 
mature ovule showing female gametophyte 
a mass and they resem- bearing archegonia which are ready 
dust of sulphur, for fertilization, 
At the time of: Pollination, the Scales of the female 
Í cone re 
Open for the reception of pollen grains, and pollens are Caught 5 vA 
dria te drop oozing out of the micropyle. As the 
, 


h mucilage dro 
Pollen grains are gradually drawn d i d 
finally at the nucellus tip, 7 ied 


Place after an 
1 Own until it r. 
neck is Penetrated an inobes the 


lar and is formed bef ilizati 
uli : d before fertilization from 
m Peated divisions. Endosperm tissue is 
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E. Embryo and the Seed :—First division of 
accompanied by a transverse or vertical wall 
divisions of the zygote nucleus take place. 


— Different stages of 
15—Pinus sp. A-I fien aren 
tie T oed ar division. xt 
ds the lower end, 
eus passes towar! e boit 
B oem nuclei now move to the b 
e 


` 
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muclear division takes place and as a result eight nuclei are formed. 
These cight nuclei arrange themselves in two tiers of four cells each. 
Again four cells of the lower tier divide by a transverse wall, the 
result is the formation of twelve cells arranged in three tiers. Next 
another division takes place in the cells of the lowermost tier, the 
result is the formation of sixteen cells in four tiers. This 16-celled 


- Structure is called proembryo and the four tiers, beginning from below, 


are known as (a) embryo tier, (b) suspensor tier, (c) rosette tier and 


SEED COAT. 


Suspensors, by the 
the endosperm ‘iene 


Polyembryony occurs 
although only one of them maton, 


Seed. T 
©gasporangium. rites 


> seed. The onte 
d up. Th r flesh: 
Present as a thin mem T 
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_ The mature seed also contains peris 
a thin, membranous and reddish-brow sN PN k 
tissue and forms a remnant of the nucellar tissue a 
diploid chromosome number. Kernel is also a kind 
which surrounds the embryo; this tissue is con 
with haploid chromosome number. (ed 


The embryo consists of a radicle, the h 
cotyledons and a plumule. After a period of rest th 
by epigeal means to form a new sporophytic plant. ` 


F. Life cycle 
—— n -— — Pins plant (20) 


+ 
Female cone Male cone 


Y 
Megasporo- Mie Ji 
hyll (carpel stamen tt 
eon Cae le SPOROPHYTE (2N) 


Megasporan- Microsporan- 
gium gium d 
(Ovule, 2”) (Pollen sac, 2n)  : GAMBTOPHYTE (N) 


Megaspore Microspore Í 
mother cell (2n) ghi: cell (20) : 


[wsrost$. 


Y + 
M re ( Microspore (7) 
ta dis (Pollen grain) 


| ——J?Male gametophyte (m————— 

Female gametophyte () 4 
i inus— f the species 

G. Economic Importance of Pinus Most of 2 

economic value. The seeds of P. gerardiana are er b 

as 'chilgoza'. P. roxburghii and P. wallichiana E AR 

timber is used for making furnitures, poles, ma ep 

Some species e.g. P. roxburghii and P. insularis are impor 

and turpentine. 

: scale of Pinus— V 


hology of the Ovuliferous 
Lern have been offered by different author a 
nature of the ovuliferous scale of Pinus. 1: 
different authors are discussed as follows + ics e 
1. Robert Brown (1827)—Ovuliferous ga i f es: 
in the axil of the bract and which bears two n i2 
829)—Interpreted the ovu 4 
hich ine e ail of the leaf bearing two ovules. 
true carpel. ; ; B ween 
us scale represen 
oe anon asia ho ot ia posterior margins. 


hoot which s 
ps ese": (1860)—The ovuliferous scale IS regarded 
bearing two bicarpellary ovaries. ae oni 


ichler (1868)—Bract is a Carpe 
e = "- the upper surface. 
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| s Sachs (1868 Regard: sa arpel and the ovuliferous scale 
x )- led bract scale a Ci 
a 


outgrowth on its surface, Ç 
4. VanTieghem (1869)—The ovuliferous scale is the first and only leaf of an 


8. Von Mohl (1871)—The ovuliferous scale represents the first two leaves of' 
axillary shoot. , 


9. Stanzel (1876)—The ovuliferous scale is made up of the first two leaves of* 
an axillary shoot. - 
Mf 0, Chelakovsky (1879)—Ovuliferous scale is the representation of the 
y 

Wi - Master (1890)—Ovuliferous scale is an outgrowth, either from the bract 
i oa ths ori. in ui nature of a cladode of the modified shoot. 
] — 12. Bessey (1892)—Regarded the ovuliferous scale as a chalazal development 
of the ovules. 
13. Chamberlain (1935)—The ovuliferous scale is a modified shoot with or 
without leaves 


L g the ovules. 
"ie Florin (1951)—The ovuliferous scale is not a sporophyll, it isa highly 
modified 


lateral dwarf shoot or ‘flower’. 


- Order Gnetales—This is the last order of the gymnospermous seed plants- 
is composed of three genera viz. Gnetum, Ephedra and Welwitschia; all 
genera are placed in a single family Gnetaceae by Chamberlain (1935). 
due to the heterogeneous characters of those three genera, the order Gnetales 
been split up by Markgraf (1930, '51) into three families viz. Ephedraceae, . 
elwitschiaceae a sed and e family With Angle genus such as Ephe- 
a and Gnetum respectively. Eames (1952) from his mor hological 
anatomical studies of Ephedra suggests breaking up the order insti o 
orders viz. (1) Ephedrales, (2) Welwitschiales and (3) Gnetales, each 

ga monotypic family, Pant (1957) placed Gnetum and Welwitschia 
under the division Chlamydospermophyta and Ephedra 


prt 
i 


I 


| 


under 


The members of the order Gnetales are characteri 
L r e sed by the presence of 
i mn pend donor A deve ae poste or whorled leaves, vessels in the secondary 


3.4 GNETUM 


...., Gnetum belongs to the famil 
of the group ena y Gnetaceae under the order Gnetales. 
Al 


jd: montanum Mef.—(a robust cli : 
Swollen at nodes) Siri, imber With glabrous 


ssam, Sylhet (Ban Slender 


ngladesh). 
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3. G. latifolium Bl. var. macropodum—(a large 
green leaves variable in Shape and size)—An 
Islands, on 

G. latifolium var. funiculare—Andaman. AY 

„4. G. gnemon L. var. griffithii—(a shrub upto 2 
Sibsagar, Naga hills and Kungaba areas of Assam; — ; 

G. gnemon var. brunonianum (a slender shrub with se SS 
occurs in S. Lushai hills, Naga hills and Golaghat areas 

5. G. contractum Mgf. (a scandent shrub)—occur 
(Kerala), Nilgiri hills and Coonoor in Madras. — . à 

Gnetum oblongum Mgf. is found to occur in some pari 

-desh (Chittagong) and Tenasserim (Burma). 


i t bearing $ 
ig. 3.17—Gnetum sp. A portion of the male shoo A 
g. 3.17— 
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i i blance 
Habit—In its general habit Gnetum presents a great resem 
fo a dicotyledonous angiospermic plant. Majority are woody 
bers with twining stems ie. lianes (Gnetum ula) ; while others- 
are shrubs or trees (G. gnemon). 


A. Structure of the Sporophyte 
1. EXTERNAL MORPHOLOGY— 


Stem—Stem is cylindrical and branched. Branches arise in the: 
axil of leaves. In climbers, branches are of two kinds (i.e. dimorphic) 
viz, those of limited growth (dwarf shoots) and others of unlimited 
growth (long shoots). This difference is not marked in some species 
©.g.G. gnemon. Internodes are present also on the branches of 
limited growth. Stems in several species of Gnetum are jointed. 
à joints consist of two parts, one immediately above and the 

Other immediately below the node—these two are separated by an 

annular groove ; thus each node of the stems appears to be a swollen 
structure. 


Roots—These are normal tap roots, branched. 


of climbers, 
climbers. In general ap 
to wama sts I normal axillary buds 
ry buds are present in some i i ai 


2. INTERNAL MORPHOLOGY— 


y the stem resembles 
ular structure, s. d 


€ young stem of Gy, i 
OWS a more or less circular outline, ren in 


ingle layer of papillat The epider- 
ckened andi neatly cuticied rectangular cells, with 


icotyledon, 


pay outer walls thi 


Eon ae canals may be iio 
ibres). In Young stem the eng Nes 


m of a rin 
» open and ; 5 
by broad medullary ee ser they are sepa 
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In older stem a few cells of the pith wh i 


the vascular rings may become lignified and pitted. E Í 


-chyma cells. 


BS 


in transverse š 


3,18—A portion of Gnetum stem In 


Fig. 


š 
& 
mu 
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these rings become incorporated into a continuous cylinder, produ- 

& normally oriented ring of xylem and phloem separated into 
` shaped vascular bundles by medullary rays. The growth of 
‘the first ring ceases at the commencement of the second one. Thus 
successive rings are formed one after another, some of which may 
become incomplete resulting in the eccentric position with regard to 
pith. Periderm in G. ula is thin and interrupted at places by lenticels. 


(PPS NOY 
Dh ee 


Fig. 3.19—A Portion of 
Gneti i i 

uni vascular E a apayerse Section 
Root—The root of Gnetum 


Ís many-layered and 
parenchymatous - The co 
ygonal and filled with “a ; the cells are generally i 


x tains. Nume i 
mon rou B 

8 the cortical ou Single-layere A ine Nd 
he amount of i dne Pericycle. Vascular bundles 


small and 


Consists of 
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upper palisade and a lower spongy tissues. The pali 
composed of a single layer of short cells and spon 
sed of many layers of well-developed, armed and | 
Near the lower epidermis star-like branched sci 
walls occur. Fibres and latex tubes are also prese 
in the mesophyll tissue, specially in the midrib 
midrib, vascular bundles are arranged in the form « 
lar bundles are collateral and endarch with xylem po 
the upper side of the leaf. 


3. REPRODUCTIVE STRUCTURES AND REPRODU! 


All species of Gnetum are dioecious. Flowers 
Male flowers are represented by microsporophylls 
female by megasporophylls (carpels). Male and fe 
borne in clusters on male and female plants r 
respective cones equivalent to panicle type of inflo 
are provided with simplest type of perianth. In a fe 
flowers are also noted. Both types of cones i.e. 
either singly in the axils of the leaves, or in fascicle: 


dwarf shoots. 


$ 


— sp. 
Fig. 3.20 danh cone e 


-— axil of a bract i.e., cupule. po 
nc— ompact à 
The male cones are C s. 
d which are upto 6 cm. pro a 
oan z panicle which is ate a ped 
at the Á (i.e, terminal of the dwarf s 
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Each r inflorescence consists of a stout axis which bears at 
T oo apposite and connate bracts, in the axil of this bract 
cones may also arise. A little. higher upon the cone axis, 
s of circular connate bracts are present and they are arranged 
above the other to form ‘collars’ or ‘cupules’. In the axil of each 
ir, male or staminate flowers i.e. microsporophylls are arranged 
several definite rings, usually 3 to 6 in number. Above the male 
flowers, a single ring of abortive i.e. imperfect female flowers may 
also be present. 

— Bach mature microsporophyll i.e. male flower consists of a stalk 
bearing two unilocular (one-lobed) microsporangia i.e. anthers. 
"The stalk is invested at the base by a sheath-like perianth. In the 
young condition, the stalk bearing two anthers of a male flower 

ins enclosed in the sheath-like perianth. With the maturity 
of anthers, the stalk elongates rapidly and pushes them (anthers) 
— through the slit (formed in the perianth) beyond the collars of the 
microsporangium is oval and consists of a wall of single 


INNER ENVELOP 
PORMING STYLE 


qreeetereces: 
v Tine, 


Fig. 3.21—Gnetum s 
D. A—Porti 
Wers" (i.e. Ovules) in ieee a fem 


: ale cone showing ‘female 
Section of an ovule 


of cupules. B— S A 
or ‘fema'e flower Situdinal 


the Sporogenous 
cells. © pari 
tise to an outer wall hj Gack f by another 
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Sporogenous cells later differentiate i 

: t entiate into spore 
wingless pollen grains or microspores ate Hee 
the spore mother cells. The pollen grains are li 
longitudinal dehiscence of the anthers. 


Female cone—Female cone. 

à s are also compact, s 
structures ; each cone is either solitary and RETE 
the apex of the shoot. The female flowers are also 
connate bracts i.e. cupules. : 


Each cone consists of a stout axis bearing at tl 
opposite and connate bracts ; a little above this, who 
bracts called “collars” or “cupules” are present one ¢ 
In the axil of each collar, 4 to 10 female flowers o 
developed in a single ring. In the young stage female flow 
visible, at maturity the female flowers ie. ovul 


minute protuberances. Only a few ovules develop i 


Each female flower ie. ovule may be stalked | 
consists of a massive nucellus surrounded by three envelo 
envelope is supplied with a separate vascular bundle. 
envelope, often called the perianth, is thick and fleshy. 
envelope is known as outer integument, this is very thin 
envelope is often designated as inner integument, t 
is fused with the nucellus in its basal part and na: 
form the micropylar tube or so-called “‘style” which 
the middle and outer envelopes (Fig. 3.21-B). Nucellar | 
but a pollen chamber has been noted in various speci 
at the time of pollination. 

In Gnetum several sporogenous cells (8 to 16) are 
from several hypodermal archesporial cells of the nu 
These sporogenous cells are arranged in longitudinal 
function as megaspore mother cells. 
Vasil (1961) the nucis c rega Spar E 

i al megaspo 
srise to four functional megasp duce 


cytoplasm around the cen 
ke pert in the development of the female 
e tetrasporic. 


give 
peripheral 
megaspores I 
The female gametophyte 1$ therefor 
B. Structure of the Gametophytes j jt i 
1. MALE GAMETOPHYTE—Microspore 18 the ie cl of j 
gametophyte which has a thick spiny exine and a thin intl 


nation of the microspore begins within the pollen 


sporangium. 


three envelopes surt 
ghem 


ALE i rding to Van Ties! 
piper envelop pene is an ovary or be h 
inner envelopes teris an oe janet 
in Samen th or something analogous t. 
to Lignie d Thompson (1916) the ome 
vi th or s: gous to the perianth an 


akin to an angiosperm ovary. 
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Microspore nucleus cuts off a small lenticular prothallial cell at 
one end leaving a larger nucleus. The prothallial cell rounds up 
very soon and does not take part in the development of the gameto- 
phyte but degenerates as such. The larger nucleus divides again into 
two nuclel. Of these two nuclei, one is hyaline with a large nucleo- 
lus known as tube nucleus and the other is coloured known as 
generative cell. Thus the mature pollen grain i.e. microspore consists 
of a prothallial cell, a generative cell and a tube nucleus. 


Fig. 3.22—Gnetum sp. A-D—Di 
. A-D—Different st: i 
male gametophyte. PC—Prothallial cell, Gon development 
ren < cell. TN—Tube nucleus, ae 
ce-nucleate stage micros 
€ ores are lib 
rangium and further develo d iun 5 from tb 
d me : 
nei a Artes Pment of the male gametophyte 


@; 
PC 
Fig. 3.23—Gnetum sp. A-D—Dia 


the male h: grammati 
male c In Os yte. D— C representati 
(MC), us Fully developed ma Gane the development 
) within pollen Tubes With two 
Generative cell, anda 


Pollen 
tube, tube nucleus flops from th 
divides enters first ; the g 


the pollen i 
wh > Em tube into tw Á xte 
| Spore and ulti The Prothallial cell remaine Ote naked mares and 


tely disappears. Stalk cell iso body of the 


€ intine. wit 


formed at a T0 
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2. FEMALE GAMETOPHYTE—Female gameto 
Sac is tetrasporic because all the four megaspore | 
tetrasporic cell i.e. megaspore mother cell take part 
ment of the gametophyte. The megaspore m 
four megaspore nuclei thus forms the female. 


a 
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embryo sac). A number of female gametophytes may start developing 
but only a few attain full maturity. Development of the female 
gametophyte takes place entirely within the megasporangium. 

Four megaspore nuclei divide and redivide by free nuclear 
division into a large number of nuclei which are distributed in the 
2 of the embryo sac ; then a large central vacuole appears in 
the centre of the embryo sac and the free nuclei are distributed in 
the peripheral cytoplasm. The nuclear divisions continue and the 
upper part of the embryo sac becomes gradually wider, this wider 
part contains the vacuole but the lower part contains a greater 
amount of cytoplasm. Gradually the embryo sac enlarges further, 
CO. elongated and takes the form of an inverted flask (Fig. 


etophyte 
ale cells (MC) is lying > ld ing eges ^ 
gametophyte having a š 
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Archegonia are not formed at all and in this re 
resembles an angiosperm female gametophyte. A 


C. Pollination—Pollen grains are liberated fto 
at the three-nucleate stage. Pollination takes place 
wind and insects. y 


A-F. 
6— Gnetum Sp. 
condition o! 
Meds). on 


rim 
ip oL P 
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'ertilization—Pollen tube is found to lie close to one of the 
des 1 eggs present in the upper part of the female gametophyte. 
Several pollen tubes after penetrating the nucellus reach the female 
gametophyte. Both the male cells (gametes) of a pollen tube can 
fuse with eggs, provided two eggs are present close to such a pollen 
tube. As a result of fertilization, several zygotes (or oospores) are 
developed, of which only one matures ultimately and develops into 
an embryo. 


E. Endosperm—Endosperm is cellular, although cell formation 
tally begins at the chalazal region of the gametophyte before 
fertilization but the upper part (micropylar region) of the gameto- 
phyte remains free nuclear at the time of fertilization. This indicates 


that endosperm tissue formation takes place partly before and partly 
after fertilization. 


F. Embryo and Seed—Zygote becomes larger and densely cyto- 
plasmic with a prominent nucleus. The first division of the zygote 
nucleus is accompanied by a wall formation—as a result two daughter 
cells are formed ; both the daughter cells then elongate to form 
tube-like structures, known as Primary suspensor tubes. Further 
development may not occur in both the primary suspensor tubes 
at the same time but one may develop earlier than the other. A small 
cell is cut off at the tip of each primary suspensor tube which 
Givides transversely and then longitudinally to form a quartet. From 


the apical two cells of the quartet, a i 

€ » a globular mass 

embryo proper develops, while the cells situated towards ie ua 
suspensor elongate and divide further A 


cap, two cotyledons, the stem tip a 


nd a large feeder. 
a fee cow IEPocorpt base. It abore iiri, C dtr 
b Phenomenon of Polyembryony is noted in 


G. Life cycle 


M. 
7 SEN AMale plant——— Male cone————->Male flower 
(2n) Female plant--Female cone-Female flower 


Enno dis) Megasporophyll Microsborophyll 
Oo Megasporangium Micros i 
a A SPOROPHYTE (2N) Sema (anther abe) 
cos ETE Megas x. 
: cain Microspore 


GAMETOPHYTE (N) 


MEIO 
D Female - v SES 
G gametophyte (n) ——Megaspore (n) 


cell (e 7 Micri 
Male gametophyte (n;«- Eo (n) 


mother cell Qn) 


` 
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Seeds are large, oval or elongate. n co 
seed is provided with a seed Coat Sre m 
layer, a middle stony layer and an inner papery layer. 
of germination of the seed is hypogeal. 

H. Angiospermic characters of Gnetum: Gi I 
angiosperms due to the presence of following features 

p (a) In habit, Gnetum presents a remarkable 
dicotyledonous plant. 

(b) Like dicot leaves, the leaves of Gnetum a 
provided with reticulate venation. , 

(c) Like angiosperms, the xylem of Gnetum is com 
vessels (tracheae) in addition to tracheids with bord 


(e) In the presence of perianth in male 
resembles angiosperms. 
by the elongation of the inner e 
flower is looked upon as the ‘style 


(g) Like angiosperms, 
Secondly, like angiosperms at least a p 
gametophyte remains free nuclear a 
where differentiation of eggs takes place. S 

hy Endosperm tissue formation (although pari 
af M k aeanoea character like those of angios{ fi 

(i) Male gametophyte is much more reduced, an 
cell like angiosperms. es EE. 

(j Like angiosperms, the first division of the zygote 
accompanied by laying down à wall. "S 

I Gy mnospermie chars of 

n i i aracters : s: 
»mnosperms in the following C d 
" (a) The composition of phloem of Gnetum is tyP 


of gymnosperms: 


tum : Gr 


dosperm tiss 
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SELECTED QUESTIONS 


1, What are resemblances a i ween 
Š nd d f 
Angiosperm and a Pinus ? Illustrate Ee E 


"i article 4.1 structure of cones, 
+ Compare the processes of pollination and fertil 
Refer article 4.1 (Pollination) ri: ç 
Give a general account of Bennettitales, 
Refer article 2.2 
4. Give an illustrated account of the devel i 
tophytes of Gnetum What are thi evelopment of malau 
reached the angiospermic level ? o advanced feher 
Refer article 3.4 B & H 
5. Describe with sketches the structure of an ovule of Cycas 
differences between it and the nature of an ovule of an angiosperm. ` 
Refer article 4.1 
6. Point out clearly the resemblances and differences b 
Angiosperm as regards (a) the gametophytic generation and ( 
fertilization. 
Refer article 4.1 (structure of megasporangium under female 
7. By means of labelled sketches compare the internal 
of Pinus in transverse section with that of Cycas. 
Refer article 4.1 
8. Discuss the endosperm formation in Cycas. How does 
from an angiospermous ones ? 
Refer article 2.1 and 4.1 (angiosperm) 
9, Give a comparative account of the development of the fei 
in Cycas and Pinus. 
Refer article 4.1 (female gametopbyte) 
10. Trace the development of male and female gam 
suitable sketches. 
Refer article 2.4 B x i3 
11. Discuss the development of the male gametophy 
Pinus. What deductions will you make from such a study. 
of male gametophyte in the seed bearing plants ? 
Refer article 4.1 (male gametophyte) 
12. Describe with labelled sketch the transverse sec 


of Pinus. 


Refer article 33 A, 2. S 
Compare the structure of mature ovules of Cycas, 


maqa with labelled sketches in longitudinal sections. 
Refer article 4.1 js 
14. Describe the life cycle of Gnetum and briefly 
from other Gymnosperms you have studied ? 
Refer article 3.4, G and 3.3, F it 


iscuss—‘'Gnetum in its onte appea' 


hpto 
has almost reached the angiosperm level + 
icle 3.4, H E 
Refer article pte Pine 


16. Givean account 
Refer article 3.3, E 


SELECTED QUESTIONS 999 


i Describe tches truct f the female cone of Pinus. Point 
T the oer ir tm ts 4 Doma’ pips ovule with the ovule of an 


— 1& Give an comparative account of the development of the embryo in Cycas 
article 4.1 : 

Give a general account of Cycadofilicales. 
article 2.1 


) Describe with figures, the staminate cones of Pinus and Cycas, 
Refer articles 3.3 A, 3 (A) and 24 A, 3 


|. Compare the male gametophyte of Pinus with that of Cycas, Give neat 
ches of the two gametophytes. 


. Refer articles 3.3 and 2.4 or 4.1 B 
V 2. How does the mature female gametophyte of Pínus differ from that of an 
Refer article 4.1 (gametophytes) 
i Describe the life cycle of Gnetum, Where are the species belongin 
i er ocr India ? yds at least one Indian species. * 
efer article 3.4, G and Distribution 

ON, erty briefly the i history of Gnetum. Why is it considered as most 
advanced gymnosperms 

_ Refer article 3.4 


24. Describe the gametophytic generations of Gnetum. 
Refer article 3.4 B 


" rst E Diit morphology of the ovuliferous scale of Pinus. 
-Refer article 3.3 (H) 


a26. Discuss the relationshi i 
ph tes you bawa nship of Cycas with other 


8ymosperms and pterido- 


of Cycas—Refer article 2.4 
fly the life history of Cycas, 


What are the primitive charac- 


a “ria account of Indian Bennettitales, 


ation the characteristic 
jog genus in gymnosperms es °F Gnetum Can you Justify the 


CHAPTER 1 Introduction 


1.1 What is Taxonom 

$ ] onomy ?—Taxonom [ 

pimped deals with the um ae d 

tion of living objects mainly by their affinities. When 

? concerned with plants, it is referred to as systemati 
is part, only the systematic botany Le. taxonom of i 

has been dealt with. : d 


(a) IDENTIFICATION is “the deter: i 

J I minatio 

E with or similar to another and MED M 
etermination may or may not be arrived at by the aid 

or by comparison with plants of known identity”. 


(b) NOMENCLATURE is the “constituent element 
which the name of the taxon is permanently atta 
acorrect name or as a synonym”. Simply, nomen 
defined as the system of naming plants. In botanical 
the names given to plants are Latin names only or 
tives from the Greek. 


The Latin name i.e. the scientific name of any 
two parts—for this, in case of plants, the nomenc 
binomial system of nomenclature. Binomial nomenc 
nomenclature where naming of a plant is characterised 
only, the first word indicates its generic (genus) and Sec 
specific (species) name. For example, the scientific i.e. 1 


the mango plant is Mangifera indica. Mangifera 1s th 
Therefore the scien 


while indica is the specific name. 
plant consists of two Latin words. In case of plants, 
nomenclature is being used universally following its a| 


Linnaeus in 1753. 


To complete the name of a plant, 


me of the particular plant, must be appe! 
hes ir dica Le the L. at the end indicates 


case of Mangifera in I 
the author Linnaeus in abbreviation. The name h be 
with the scientific name of a plant is very impo p 
another plant with the same name given by som 

i P t ie. P 

c) CLASSIFICATION 1$ the arrangemen 
or Ah of plants in a series of groups ori catego 
particular system and in accordance wit 
k eg, species, genus, fai 

aint J» E ic group of taxa) Article 1. International € 
Nomenclature (Utrecht, 1 5 


the name of the 
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is the basic unit, e.g. in case of mango plant viai da 
indica L.—Mangifera is the generic name and indica is the specific 
mame. Species which are similar to each other are placed in a genis 
tg. Mangifera. Similar genera (singular : genus) are again gronne 
into families (singular : family), families into orders, orders in ° 
classes and classes into divisions. Therefore classification is a 
ping together of those plants whose similarities are greater than 
deir differences". 


L2 Aims and Objects of Systematic Botany or Plant Taxonomy : 


Plant taxonomy or systematic botany has the following purposes ; 
(i) to classify all kinds of plants, (ii) to arrange the plants into a 
Scheme of classification which shows relationship among groups 
of plants, (iii) study of distribution and habitat characters of different 
kinds of plants and their information to the scientific knowledge of 
the inventory of world's plant resources, (iv) organised reconstruc- 
tion of the plant kingdom including changes in nomenclature. 


Plant taxonomy is a very important branch of botanical science 
and fact-finding field and needs besides the study of gross morphology 
other sections of botany such as anatomy, embryology, cytology etc. 

Taxonomists of Present age put considerable value on the 
importance of cytogenetic factors in delimiting species and its 
elements ; data on these characters have been found to be of great 


Vegetative and floral anatomy at p 
ce in the inter-relationship o 


t t data, many facts i ini ini 
relationship of those taxa and their consequent tax noe ning. inter- 
Taxonomy is also indirect 


] . š 
of plants ; knowledge of plant dist ibution ed with the di 


t ta : X = 
is of four interrela 1e. Systematic botan 


h 
S as given below 
i tany or lant 3 
Cytologica] anatomi i num the f i 
Biel cece: , nical, emb ical studies odin 
à xx Sectional studies applicable to the prejel Studies a Well as = 


1 
ii STUDIES IN BOTANY 


IL The taxonomi 
tax ic system, based 
rie and it includes (i) taxonomic Au a 
» VI) concepts of evolutionary sequence of hh 


III. Nomenclature, the meth i ba 
i c od of J 
dans t E rapere code of botanical pede j 
gle valid name for each ki it disa 
synonyms [refer article 1:1 (c)]. Ed 


IV. Preservation of specimens—This i 
or fossil plant px s a museum d ies 
paper sheets (herbarium sheets) including type specimens 
mens on which names and concepts of species and taxa 
are originally based—holotypes) and drawings and figures wh 
sometimes be used in lieu of type specimens. 2B 


, By using all the above four fields of taxonomy, a m 
tion regarding plant populations and their units, 
perpetuation, dispersal, their affinities and evolutiona 
may be known. 


1.8 Units of Classification : Each unit of class 
as taxon (plural: taxa). These units of classification are 
by the international code of boatnical nomenclature. 
kingdom forms the largest unit or taxon and which 
subdivided into smaller units or taxa as follows :— 


"Kingdom — Plant Kingdom 
Sub-kingdom —Embryophyta (the embryo plants) : 
Division—(= Phylum) Zracheophyta (the vascular plants) 
Subdivision—( =Subphylum)—Pteropsida (the ferns 
Class — Angiospermae (flowering plants) with 2 
Subclass—Dicotyledoneae (flowering plants 
Order— Rosales Ç E 
"Family—Rosaceae (Rose family) 
' Genus— Rosa T 
species— Rosa setigera 
varieties— 
forma — 
clone— 


Seecres—It is the basic unit oi 
to genus. In most cases speci 
individuals breeding among themselves but 
words, species may be defined as “the peren 
ols Ti š 's system of classification ( Chronica 


example, G 
into consideration. 
203-206. 1942) is taken ini r family, tribe ete 


* Family is divided further into s pc 
into subgenus, section, 

iia nte also divide eg- (hose division of genus i 
above table. 
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indivi ed by generation.” Therefore a species is com- 
; ee or er h which resemble one another closely in 
morphological characters and which have descended from a common 
ancestor. Specific epithet i.e. taxon is now-a-days always spel e As 
4 small initial letter. This epithet may be (a) an adjective wit 5 the 
generic name in gender (e.g. Rosa alba) or refering to a locality from: 
where the species was discovered (e.g. Ulmus americana) ; (b) a noun 
in apposition but not always agreeing with the gender of generic 
name, e.g. Pyrus malus; (c) a noun in the genitive singular which 
Occurs when the species is named in honour of a person and it may: 
be of either masculine or feminine gender e.g. Intsia hookerii, named 
after Sir J. D. Hooker and (d) a general name in genitive plural, 
y indicating something about the habitat of the species e.g. 
x paludosum—paludosum means of the Swampy area. 


Genus—It is the next higher taxon above the species. 
is the grouping or assemblage of related species which rese 
another in more characters in common 
another species. Generally, the genus is recognisable by one or more 
important characters of gross morphology. Generic name is always 
a noun and is spelled with a capital initial letter, The names of 
genera may be masculine, feminine or neuter in gender. 

FAMILY—It is the largest and readily reco 
of one or more related genera—the similarities among the genera in 
a family are much greater than their differences. 

only characterised by 
e.g. Leguminosae, Cucurbi 


A genus 
mble one 
than they resemble one 


€, Cucurbitaceae etc 
-ae e.g. Cruci i i 
ane, P er arth A g uciferae, Labiatae, Grami- 


of th $ anicoideae (from th 
Easel) nd Calc, Piaf o 


i : € genus Croton) of 
I. ; Mimosoideae (f, 9 
pinioideæ (from t rom the g 

Leguminosae _ etc RA 


t enus Mimosa) 
Í enus Caesalpinia f ily 
- ie nies fane op de femi) 
that Subfamily is n t based on any "i "iid — pa oon of 
but DER—Order is the m 


below class and ajor taxon, it 


or one or several fa rhein Generally an 


Stands a 
milies related to 
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phyletically important charact 

ers. The na : 
on orders Ranales, Rosales, Guttiferales pru Nowe 
S i in use by some botanists, are exceptions to thi 
order Liliflorae, Guttiferæ, Campanulatae etc. 


_  SUBCLASS, CLASS, DIVISION, SUBDIVISION ETC.— Order 
into subclasses, subclasses into classes, classes into s 
subdivisions into divisions and so on until plants are: 
final taxon—the plant kingdom. £ 


INTRA- OR INFRAGENERIC UNITS i.e. TAXA—Subge 
subg.), section (abbreviated sect.), subsection or 
times the taxon subgenus is used between the genus 
this taxon is used generally when the genus is naturi y 
a few major groups. Subgenera may be further divided 
Each section again may be divided into subsection 
section is large containing many species. 


The name of a subgenus is a combination of a g 
a subgeneric epithet connected by a term den 
example subgenus Drabella under the genus Draba. 
genus containing the type genus i.e. the type of a gen 
hear the name of the subgenus unaltered—for 
Croton under the genus Corton (here Corton is the 
genus Astragalus under the genus Astragalus etc. Nai 
are given in the same manner as names of subg i 
subsections or series, the names in plural adjectives 
generic name in gender are preferred and the names are $ 
capital initial letter. 

INTRA- OR INFRASPECIFIC UNITS i.e. 
descending order of magnitude, are subspei 
subsp.), variety (abbreviated var.), forma Gbin 
(abbreviated cl.). The rank of these intraspecilic HP 
of species. Subspecies has been defined varjously a od: 
authors subspecies is defined as “incipient pur " 
development has not progressed to the i Es Eo 
and consistently distinct from Ba pO ipi 
flicientl 


Variety is anot jl 
bspecies is used ; otherwise vi 
inches P alay distinction between s 
ssible, hence the taxon 
species by others or vi 


A forma is & minor 
sical! character variation. - us He 
this term is generally restricte 
called garden ‘varieties’ of rose, 
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intraspeci i those of species. 
ific taxa are given in the same way as 
ee ten intraspecific taxon is a combination of the name of 
& species and an intraspecific epithet connected by a term denoting 
‘Mts rank. For examples, Andropogon ternatus subsp. macrorthrix ;. 
Viola tricolor var. hirta etc. 


14 Principles of Classification : T 


Classification, as already stated, is the arrangement of plants in a 
series of groups or categories according to their natural characters. 
establishing finally the indentity of the individual plant itself, 


In this world there are millions and millions of plants of various. 

types—if we want to study the origin, relationship, structure and life 

of those plants, then those plants should be arranged in some 

y system. The main object ofthe classification of plants lies 

in the placing of plants of all categories in different groups in such a 

way so that their origin, relationship and structural features may be 
brought out easily and scientifically. 


In the very early days the principles of classification of plant kin g- 
were very simple, being based only on the habits of plants. As- 


; sometimes 


fication showin i i igi ificati 
bow uei Es ship and origin, the Classification is 
Hutchinson and others.) 
All the pints of the world together Constitute 


À a Kingdom lled 
ese plants of diverse t », called 
are grouped into Subkingdoms, divisions, A tie Paes) Plant kingdom 


ne, 8 as follows 

ingdom (All the plants of varyi i 
x l Ss habitats of the nh 
P ee iytanerogamea 


(Plante wih ud E Subkingdom 
td 
Gymmolper Eo 
mae Angios; ivisi 
putre Ores remain enlosed Division. 
ie, Within the matu - 
Carpels) llary Sambar les fei) 
Dicotyledones WS 
(Embryo with t Monoctyledones : 
cotyledons) "^ (Embryo with one ° Clase. 


Cotyledon) 
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Again in anothe 
be grouped as follows. es Plants under siue 


in Kingdom 


| 
Thallophyta Br | j 
h / yopbyt i 
«T aera (Nonvesentar (CER p 
thallus-like or a 
notialis cular plants) 
like plants) 


l 
Gymnospermae. 
SE 
Dicotyledonae Moi 


Classes Dicotyledoneae and M 

; ; j onoco 
classified into subclasses, subclasses into ees 
families into genera, genera into species etc. on T 
other characters. For the concept of those taxa 


(Units of classification). 
⁄ Some authors have given aen m 
prior place than the dicotyledons. Further cl si 
dons and monocotyledons is based on groups 
simple or complex flowers and catkin bearing inf 


15 Different Systems of Plant Classification : 2 


and phylogenetic 1 
Many systems of classifications of plants have 
different authors—those classifications may belon 
as (1) artificial, (2) natural and (3) 1 


three types such 
m—In an artificial system 


1. Artificial Syste 
organisms are classified into different taxa mere. ly 
or a few superficial characters only; O er impor 
bearing phylogenetic link, relationship and ty of 
are not considered. 

of plants on 


š sae Th oupin 
Examples :—(a) The gr n: bs, shrubs and 


characters only into herbs, undershru 
f Aristotle and an outstanding 


student O 
phrastus (370-285 B.C.). 
Th lassification made by John Ray 
philosopher s it. His desit m 
i he new. e old groupin 
o is of the main [s Uu ji 
ocots and dicots ; urther he SF 
he te besi of fruit characters and subdivided t 

ower characters. This system wt 
ross morphological structures of plants. ' y 
major groups was as follows :— i 
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1 Herbae (herbs) 
A. Imperfectae i.e. flowerless plants (Cryptogams) 
B. Perfectae ic., flowering plants 
Dicotyledones (embryo with two cotyledons) 
Monocotyledones (embryo with one cotyledon) 
H Arborae (trees and shrubs) 
A. Dicotyledones 
B. Monocotyledones 


(c) The classical and climax of artificial system is that of the so- 
called sexual system of Carolus Linnaeus (1707-1778):. 


LINNAEUS' SYSTEM OF CLASSIFICATION is purely an artificial one 
and it was made on the basis of a single sexual character i.e.. by the 
number and arrangement of sexual parts (stmens and carpels). Thus 
on the basis of the number, union and length of stamens and of 
carpels he classified all the plants under the plant kingdom into 24 


+» The classes were again subdivided into orders on the basis 
of number of styles in each flower. 


An Outline of Linnaeus’ Sex 


ual System is given as follows :— 
Class 1. Monandria flowers 


having stamen 1 

- ” » » 

4. Tetrandria ” , " 
w X Mitania s ks » 5 
bs € Hexandria 9 e > 6 

« Heptandri, » , 
d a 3 n » z 
» 9. Enneandria A > a 9 
W 10. "Decandria * " 4 10 
mll. Dodecandria _ * S W 11-19 
- T eR. flowers having stamens 20 or More, episepalous 
S - » Mt » — » attached to the receptacle 
ceres ° » didynamous stamens 
"16. ask ” » tetradynamous Stamens 
VIE laden * > mmonadelphous androecium 
- d Que lpha =” » diadelphous 
* 19. s AM ” » polyadelphous 
on, Gare hie » » Syngeneseous 
» 21. Monoe. 


» ». Stamens gynandrous ( 

" z bie me rus dome (unisexual Rowers on Be same plant) 
» 23. ygamia ” polygamous i.e., plants with both nesal ar 
Si; AE : exual flowers poq 


» ng nO flowers i. 
Mosses, ferns) “a 


i sa Ces 1-13 included bisexual 
"e D d “Sac v Ead ee of styles or stigmas 

Trigyna (with three styles) etc. he 1 i ; i 

Pues eer :€. class 24 inclu 


to pistil) 


owering pla 


as expanded and ot appeared first in h 

(753) which inciage 128sifcation aig ated in his Genen Hort 

"à udes about 7300 speci * publication 
Spelled in original << 


Plantar UPlangi 
+ an. 
of his Species p (1737 


` 
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. Merits and Demerits—The onl i 
lies in the aid to quick and easy identifies tic 
few characters. In this classification, gym! 
the class 14 along with the angiosperm 
groups Dicotyledoneae and Monocotyledon 
so in many cases families or orders of Dico! 
ledoneae were mixed up and put together ^. 
contains orchids and Pistia of monocot: 
of dicots. In this system allied families, ge 
whereas the families and genera having nor 
link are put together e.g., plants having flo 
of both monocotyledons and dicotyledon 
class “Monandria” e.g., Globba (family 
and Mangifera (family Anacardiaceae 
comments that “certainly it did not conti 
knowledge of plant relationships but it 
impetus to study of the plant kingdom." ` 


So it is evident that in the artificial s 
is based on one or a few superficial c 
being ignored no scientific relationship 
families, genera etc. is established. E 


2. Natural System of Classificatio 
classification is that which is based on 
and figures available in nature. In this 
common and constant natural characters af 
in grouping of plants and accordingly € 
grouped into different taxa e.g, c 
Natural system of classification 18 7707 
not arranged according to their evolution rae 
ship and affinities between taxa are ignoret 


is not phylog 
Though natural system is not P 
important world floras are based on ee 
natura] system of classification p n. 
functioning adequately as an aid to ea 


e most popular and outstanding nat | 
is et of George Bentham (1800 
Hooker's (1887-1911) system o ud 
botanists published their system 053) 
titled "Genera Plantarum (1862- . 


ivided plant kingdom i 
MR ur s ja. Phane 
divided into tw 

jospermac wa 
8 d 2. pe Monocot 'yledones. 
subclasses €g» Polypetala 
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of polypetalous, gamopetalous characters and incomplete 

ous or unisexual) nature of flowers respectively. 
was again subdivided into three series e.g,, Thalamiflorae, 
and Calyciflorae on the basis of the nature of thalamus, 
of disc, insertion of floral members on thalamus etc. 
to inferior and superior ovary having more than two 
Or two carpels in the pistil, Gamopetalae similarly was 
into three series, viz. Inferae, Heteromerae and Bicarpellatae. 
D Xhlamydeae was divided into eight series on purely artificial 
à basis. Monccotyledones was placed after Dicotyledones and the former 

Was divided into seven series. Each series was divided into cohorts 
oo into Natural Orders (=families), Natural Orders 
4 Genera and Genera into Species. The division Gymnospermae 
was placed in between Dicotyledones and Monocotyledones, 


Outline of Bentham and Hooker’s System of Classification of 


To e 
[ 
Dicotyledones l 
Monocotyledo; 
(embryo with m cotyledons) (embryo with one cotyledon) 
L — 1. Ge Monocot 
Sob 1 yledons 
Sechs mopetalae III Monochlamy- have been divi 
petalae (petals are united) deae. ‘Flo i Mee 
pier oid ae incomplete, ee follows ag 3 
Series 1. " Thalami- (Ovary inferior. peram wowace. Series L. Micros 
gie. 1 , ` permae, (Ova 
florae on x ti €ntiated i.e., hap- inferi H 
rpe interior, seed: 
6 cohorts copine a qygchlamydous). minute)—it inclu. 
with and Subclass has des N 
beginning jes and end. les). Campana- been divided into Orders, bi ina 
ing in Malvales, Series 2, series as with Hype nning 
Each cohort in- merae, Hetero- follows ; deae Hydrochari- 
cludes — several (Carpels Series 1, Cur deao and onding 
Natural Orders more than two.  bryeae, Cmbsso Senior chidaceea, 
—— = Ovary afuretior. curved, ^ ovalo ‘Onc Epigynae 


Series 2. Discifi horts viz. Erica. Hodes ut in- inferior, rer 


les — Primul Natural: | it includes 
andare t And Ebenales Orders besinning PREY it includes 
pons Series 3. Bicarpel- ean qictagine- eginning r ders 
Tem 4 co- two c gue in Polygonacean. Scitamineae a bd 
nio s Cohorts erior, t includes erica 2. Multioyu- ae in Dio 
with ginning 4 cohorts, gin. Tin Aquaticae. Seton 3 
wea an les ning with Gen (Immersed aqua. "ç s 3. Coronarj. 
Sepindaes ka y! and eng. seeded) y eral. perio ipe ALS 
< —it ins , ian 
Several - includes and one ‘Oa: cludes one Natu. o ured) it in- 
Nat 1 ^ alOrder cludes g N 
lem to goia- gineae, ° Planta- Ostemaceag, "°° Orders beginning 
a > Tders, nni 
now knot i aani ultio. b Roxburghia 
(Cont. to page 1010) errestria] plese” s QR patacee i 
6i—(vol, D (Cont. to p Stes 4. Calycinge 
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Natural Orders 
are also placed 
under Ordines 


anomali, 
Series 3. Calyci- 
florae (Flowers 
perigynous — or 
epigynous. It in- 
cludes 5 cohorts 
ie., cohorts 11- 
15, beginning 
with Rosales and 
ending in Umbe- 


Hales. 


Each co- 


hort includes se- 


veral 
Orders, 


Natural 
equiva- 


lent to families). 


In Dicotyledone 
( m families) €.8.» cohor 
Orders Ranunculaceae, z 
florae contains 34 Nati 
Disciflorae contains 2 
ending in Mi 
beginning wit 


j talae, 
| =+ 9 Heteromerae 
) n 


the 
Natural Orders. 
rer erar Cycadaceae, was 


Monocotyledones. 
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Y OF 

TAXONOM 


i and Hooker 
doya premakni m= This system 
ased on the assumption E eio in aiff nt taxa of plants; 
based on the assump elationship in differe nine es eg uN 
establishes no phylogenetic P MS characters we eglected, So, 
many important akont apart and similarly ma ee 
| Yr is ment Phan h related to 
Eran was pisa nono iow sched to 
rd - tural or 8. um 
onse i n the subcla 

m gc odiaceae etc. i 
| T ene, pud those orders are see 
orders oe om ted perianth. Similarly in moneo y E 
E ' ere omer a evolved eee mu m 
- " Eres duit En atë very closely related. 
wagers ocn a ons established and the position of 

— E Louie: ie. in between dic 

gymnosperms 


otyledons and 
monocotyledons. 


most f this system is that this system 
UA ME rile tagged piens. This classification is 
pue ma f its own kind and t 

B MAY ox System. Anoth 


= 


1i 


3. Phylogenetic System—This ty 


n morphological 
genetic relationshi 

the ancestors and i 
present, of any taxon. On 


Š ive Series) Showing €volutio. 
So in this Connection, Phylogenetic System i 
more and Scientific, 
All the m 
these 


odern Systems of Classifications are phylo ic; 

and Pranti’s (1887-1899), and Hutchings $ (1946 0f 
Systems of Classification are t 

&enetic systems, 


he best kno 


$ 


rd ENGLER AND PRANTL’s SYSTEM OF CL) 
Engler (1844.1930) in collaboration wi arl 
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1893) published a phylogenetic s i 
stem ‘ificati 
volume monographic work, titled” Die Bide 
(1887-1915). These volumes accounted for all the genera 
fungi, bryophytes, pteridophytes and higher vascular p 
phytes) then known for the world. Before the pu 
work, Engler himself published a system of cli 
as a part of a guide to the plants in the Breslau bot 
classification was based on an earlier and little 
Eichler (1883). Engler's system has been revised 
under the editorship of several outstanding G 
botanists like Engelmann, Gilg, Diels et al byt 
Syllabus der Naturlichen Pflanzenfamilien—a single 
accounting for the families of all these major gt 
begun in Berlin in 1924, This single volume work 
editions, the latest and eleventh edition was 
Only minor modifications and changes of Engler and 
were effected in Engler and Gilg’s (and later by Et 


Syllabus der Pflanzenfamilien. In their classification, t 
kingdom was divided into 13 divisions, of which t 
13th one is the Embryophyta Siphonogama— this ji 
subdivided into A. Subdivision Gymnospermae and 


ae was divided into 2 classes viz. 
Jedoneae and (2) Dicotyledoneae. Mono 
laced before Dicotyledoneae though 
and dicot was supported fr 
The princip 
that perian xual 
tion by wind is most primitive— 
rms were arrang 
according to Engler, is the development o 
the connation and adpation of essential org 
i i jmitive 
classification the most pi be. ee 


whose flower 


he Mono 
parallel evolution © 
hypothetical Profe, 


spermae) an 

r two main su 

» - "M etachlam ydeae (Sympetal 

= orders) beginning from 
8 


while the latter contaín 11 se 
ia Campanulatae. 


i n 
rec Archichlamydeae ni 


ilies. 
nee 56 families only. 
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f Outline "s System of Classification of Angios- 
M mà ` me rea le dra Ii and revised in 
M Sy der Pflanzenfamilien (11th ed. 1936). 


Embryophyta Siphonogama 


B. Angiospermae 
(Ovules are enclosed 
in the s idea 


Class II. A nii 

(Embfyo with two coty- 

ledons, vascular bundles 
dus 


Sub-class 

A. Archichlamydeae à 
(Flowers naked or with 
single series of perianth, 
Or perianth biseriate, 
then petals free). 

This sub-class has sub- 
divided into 33 series 


| 
Sub-class 

B. Metachlamydeae 
(Flowers with gamope- 
talous coroila). 

This sub.class has been 
sub-divided into 11 
Series (—orders) accord- 


Ing to gamosepalousand 
Samopetalous condition 
of flowers. 
The first Series is Dia- 
pensiales (one family 
Diapensiaceae), it is 
followed by 2, Ericales 
sub-series 


according to achlamy- 

dous (i.e. naked), haplo- 

Chlamydous or diplo- 

mydous nature of 

9 w èr s, inflorescence 
etc. 


The first and primitive 


series is Verticilatae (one families beginning wi 
^ "Won mae Clet aceae and ending 
2. Piperales (3 families Primulales ‘ou mallee 
Viz., Saururaceae, Pj era- M Mu 
eter: Ex iz, Theophrastaceae 
i n i hloran- Yrsinaceae and Primu- 
thaceae ; - irs aceae); 4, Plumbaginales 
Hydrostachyaceae), TEN PAN ts 
4. Salicales (one family vA "ipe E 
ims 33 RUN Sub-series and 7 families 
les (one family Garrya. Mind with Sapota- 
); 6. yricales (one ci 4.8 ln 
family Yricaceae) ; is E 6. 
y Ñ Balanopsidales (one Sa: Ai a eb; Series 
family Balanopsidaceene f aes beginnin 
£ ld erials ^ (495 Tom Oleag, € and eng 
family Leitneriaceae) TA pie Piadaceae) 
9. Juglan les (o , Tubiflorae (8 Su b- 
family Juglandaceae) {rss and families 
10. Julaniales ^ (5 alacenc, With Convo} 
family — uj nia to ne ade and ending in 
Bu atidales (one fan}, Phrymacea ); 8. Plan: 
Batidaceae) ; 12. aly aginales (on fa nily 
les (two families eo ales tatinaceae); 9. Rubi. 
Cont. to Page 1014) es (5 families beginning 
nt, to page 1014) 
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reri e same principles adopted earlier 
ew P : of grouping of angiospermic pla 
n Bae naked ie., achlamydous unisex 
Mai y advanced, consequently plants 
[beu in falrly advanced taxa ; further h 
poroa ii are quite distinct from herba 
Dee 
dicot ] primitive over the mor 
eres that dicotyledonous plants Me 
flowers with free parts, particularly essenti 
primitive. Therefore, plants having such flow 
Las first and early taxa ; such early dico 
Š roangiosperms (Bennettitales-like ancesto 
> por ong from early herbaceous 
monophyleti igi i S 
h on yletic origin of angiosperms 


Afagnoliales followed 
59 orders con 
Magnoliaceae and 
division Metachlamydea 
ning with Ericales followed by 

this division the first primitive family is 
Ericaceae and the last highly evolved family 
76th order Lamiales. The orders o 


families. 

Similarly Monocotyledonae was „divid 
(i) Calyciferae, (ii) Corolliferae and (iii) G 
cludes 12 orders, beginning with 
ceae and Hydrocharitaceae, 4 
Musaceae, Zingiberaceae etc. rollil 
i d ending in Or 


beginning with Liliales an 
Juncales, 


divided into 3 orders viz., Jun 
the last evolved family Gramineae. J 

The classification of Hutchinson was prol 
which are based on Bessey’s (1915) dc h 


follows :— 
1. Evolution is both upwards 
reservation i.e, retention while the 
of characters. pe 
2, Evolution does not necessarily invo 

3. Generally trees and shrubs are more 


or genus. 


Ive all orgal 
primitive 
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‘Trees and shrubs are older than climbers in any one family or genus. 
s. Perennials are older than biennials and annuals. 


7 T ; -éplphytes; 
- Aquatic floweri derived from terrestrial ancestors; epip 
d E ences recent than plants of normal habits. 


Dicotyledons imiti ledons. 

ug are more primitive than monocotyk lon š 
8. Spiral arrangement of floral members is more primitive than cyclic. 
9. Simple leaves are usually more primitive than compound leaves. 


. 10. Bisexual flowers are primitive, unisexual flowers are more advanced ; 
hee 
c plants are more recent than monoecious. 


p 1i. The solitary flower is more primitive than the cluster of flowers 
T j ul types ard evolved from contorted to imbricate to valvate. 
NE Apetalous flowers are derived from petaliferous flowers. 

14. Polype'alous flowers are more primitive than gamopetalous flowers. j 
13. Actinomorphic (regular) flower is more primitive than zygomorphic 
 rregular) flower. 


16. Hypogyny is usually more primitive than perigyny and epigyny is the most 


e | Apocarpy is more primitive than syncarpy. 
18. A gynoecium of many carpels preceded one or few carpels. 


A 19. Numerous stamens in general, indicate more primitiveness than does an 
| — androecium of a few stamens (exception : Malvaceae). 


20. Separate anthers indicate greater primitiveness than does an androecium 
of either fused anthers or filaments. 


21. A Simple fruit is more rimitive than a multiple or a. ate fruit ; 
tule the capsule preceds the berry.” š S 


22. Seeds with endosperm and small embryo arı Ider th: i 
5 jon y € older than seeds without 


Gma iis of Hutchinson's System of Classification (1926, 34) is as 


Phylum Angiospermae (derived from hypothetical Proangiosperms) 


l 
Calyciferae, Corolliferae, 


l 
i 1 Glumiflorae 
mtains 1 2 J . 
orders, begin- (Contains 1 4 (Contains 3 


r ; Orders, begin- 
blag with Buto- Ding with Lili- end al Pra 
mal E we ina ales ene Cyperale T 
` mg in Orchi- ie 
i berales—t h e dales—to ta 1 ES ee 
on ole number number of fa- P 
pon ped amilies in. 


: t 
milies under qp. number 


€ evolved fami- ae of a 
em . gene 7. 12 ded rn 34) Tdersis un a emilies 
the in Sl families). ; orders is 6. 
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_ Hutchinson in his revised (1959, * 
Dicotyledonae into two distinct Men i m 
and subgroup *Herbaceae' according to priority | 
The Lignosae includes families whose members are f 
and predominantly woody trees, and the Herbaceae includ 
whose members are fundamentally and predominantly hi 
Lignosae consists of 54 orders and it begins with order 
followed by Annonales, Laurales, Rosales etc. and ends 
herbaceous group ie. the Herbaceae consists of 28 orde 
with Ranales and ends in Lamiales. Monocotyledon 
divided into 3 main groups as usual viz., (1) Calycife 
bearers), (2)  Corolliferae (perianth whorls are sin 
petaloid) and (3) Glumiflorae (flowers reduced, wit 
like his earlier classification. The important feature of 
classification is the abolition of divisions Archichlamy 
chlamydeae of Dicotyledonae—as a result sympetalous 
petalous orders are intermixed together. E 


Each order contains either single family (monoty| 
families. 
Synopsis of Hutchinson's System (1959, '60) 


Hypothees Proangiosperms 


| 
Dicotyledonae Dicotyledonae———— — 


Lignosae Herbaceae 
( Contains 54 orders, (Contains 28 orders, 


beginnin with beginning with Ra- 
Maguoliales and end- nales and ending in 
ing in Verbenales). Lamiales). 


I IT 
Calyciferae . Corolliferae 
(Contains 12 orders (Contains 14 hace 
beginning with Bu- beginning wit FA 
tomales and ending liales A ^e 
ind Zingiberales). — in Orchidales). 

Hutchinson's system 


Merits and hile pal» Oat monophy 


igin of angiosperms 1$, " 
oso Proangiosperms which had B 

i hylogenetic system 1n W. e € Teal 
his Legis. and critical estimate ino 
orders. The principles upon whic d 
an indication of current trend ine 
Hutchinson “‘the definition of t 


; i of the Mo 
accurate particularly in the vo "he classification. 


in disadvantage l f lassific a 
fra aos of families. In his reve bores) and Ë 
of p phyletic int s£ Lignose ists Yo pe a de 

is thought by an FE 
(herbe nt totalean view. The origin of ang 
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slike ancestry is criticised by some workers (Bailey), as the 
inl riam of the early dicots are not tenable with such 
ancestry. In the establishment of new taxa, Hutchinson however did 
mot put any adequate remarks, as a result relative groups are shown 
to be distantly related and small taxa are delimited on resemblan- 


ces only. 


€. TiPPO's SYSTEM OF CLASSIFICATION—In 1942 Prof. Oswald: 
Tippo (1911— ) of the University of Illinois introduced in a very 
broad outline a new phylogenetic system of classification of the plant 
kingdom based on anatomical and morphological criteria. He first 
divided the plant kingdom into 2 subkingdoms viz. subkingdom I 
Thallophyta comprising non-vascular plants e.g. Algae and Fungi, 
and subkingdom II Embryophyta. Embryophyta was again divided 
into 2 phyla viz, (a) phylum Bryophyta and (b) phylum Tracheo- 
phyta ie. vascular plants. The vascular plants i.e. Tracheophyta 
were subdivided into four subphyla with the last subphylum 
composed of 3 classes as follows :— 


Phylum Tracheophyta 
Subphylum Psilopsida 


” Sphenopsida 
» Lycopsida 
» Pteropsida 


Class Filicinae 
» Gymnospermae 
» Angiospermae 


16 Comparison of S 
ystems of i i : 
» Engler and Prantl and te aa ssification by Linnaeus, Bentham and 


Lini 
Tap wee Bentham and Hooker Engler and Prantl 
A of classitica- Hoo po sa P "ie : 

I$ purely an m IS Prantl’s system i cee, 
ani dier lied E ut phyloaenetie. tt i I E bake] o aenetio, 
artificial netic. as i i HEA 

ht d ea aaa is based on of evolution d Duel o Ties is 
Be eral common - 


Hutchinson 
and 1.Hutchins 


based on ie. 
aracters and c plants from les the idea 

| organisms a ve Aur. specialised to the Pass qon. of 
(plan > more iali >p rom high! 
organisms e specialised ghly 

(plants), group in ascending pbecialised to the 

Series, foun specialised 


1020 


Linnaeus 


The entire 
plant kingdom is 
divided into 24 
classes on the 
basis of the num- 
ber and arrange- 
ment of repro- 
ductive parts 
(stamens and car- 
pels)—h e nce 
Linnaeus' system 
ispopularly 
known as “sexual 
system”, Each 
class was divided 
into orders on 
the basis of the 
number of styles 
in each flower. 
The last ie 24th 
class includes 
non-flowering 
plants (Crypto- 
gams) only. 

3. Dicotyledons 
and monocoty- 
ledons were not 
recognised in this 
classification. The 
position of gym- 
nosperms is also 
anomalous i.e. 
the gymnosperms 
were placed in the 
class 14 along 
with angiosperm 
families. 


^ 


Benth 


STUDIES 


Bentham and Hooker Engler and Prantl ` 


2. Spermatophyta 
(seeded plants) are 
divided into dicoty- 
ledons, gymnos- 
perms and mono- 
cotyledons, The 
origin of angios- 
perms is not esta- 
blished, hence the 
position 
gymnosperms is 
anomalous ie. in 
between dicoty- 
ledons and mono- 
cotyledons of angio- 
sperms. 


3. Dicotyledons are 
placed before 
monocotyledons ; 
evolution of the 
latter from the for- 
mer was not shown, 
probably dicoty- 
ledons are consider- 
ed by these authors 
to be more primi- 
tive than monocoty- 
ledons. In this 
classification 202 
families are reco- 
gnised. 


Bentham and 
Hooker do not 


consider the arbor- 
on and herba- 
ccous habit as 
important in 
classification E 

josperms, T 
CUA o dicoty- 
ledons. 


Hocker divided the 


of 


am and 5. 


IN BOTANY 


2. Spermato, 
divided i. MA 


nosperms and 
angiosperms. The 
origin of io- 


sperms is considered ` 
from hypothetical 
gymnos 


hence the position — 
of gymnosperms is 
not anomalous like 
the classification. 
Bentham i 
Hooker. Ani 
sperms are consider- — 
ed to be polyphyle- ——— 
tic ie. several 
parallel lines of 
ius among | 
the angiosperms are 
shown by these 
authors. 1 
3. Monocotyledons 
are placed first as 
they are thought to 
be more primitive 
than the dicoty- 
ledons, although 
evolution of the 
dicotyledons is not 
considered to have | 
taken place from 
the monocotyledo! 
or vice versa. The 
evolution of both 
dicot and monocot 
is considered 


im 


AS 


sperms. A 

303 famine ) ism 
5 orders D). it 
Er recognised in — 
this system. — 

4. Same as Ben- 4. 
tham and Hooker. — M 


Engle) 
Prantl divi 
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Bentham and Hooker Engler and Prantl 


dicotyledons into 3 
subclasses, viz. Poly- 
petalae, Gamopeta- 
fae and Monochla- 
mydeae. Polypetalae 
having petaliferous 
flowers te sup- 
posed to primi- 
tive and Mono- 
chlamydeae with 
flowers having one 
whorl of perianth 
or perianthless 
flowers were 
thought to be more 
highly evolved i.e, 
advanced members 
of the dicotyledons. 
But the mono- 
chlamydeae is a 
highly artificial 
group (subclass) 
containing many 
families (=Natural 
Orders) that are 
Telated to the sub- 
class Polypetalae. 


Monocotyledons 
are divided into 7 


Series beginnin 
with Microspermae 


ding in 


dicotyledons into 2 
subclasses viz ; Arc- 
hichlamydeae and 
Metachlamydeae : 
iSympetalae). This 
System has dealt the 
Monochlamydeae 

of Bentham and 
Hooker in a definite 
manner, and has 
grouped many 
families of the Poly- 
petalae and Mono- 
chlamydeae of 
Bentham & Hooker 
in polypetalous 
Archichlamydeae. 

Metachlamydeae of 
Engler and Prantl 
contains many 
families of Gamo- 
petalae of Bentham 
and Hooker. Engler 
and Prantl did not 
consider the gamo- 
petalous Meta- 
chlamydeae to be 
evolved directly 
from the polype- 
talous — Archichla- 
mydeae, but con- 
sidered the former 
to be evolved at a 
Very earliest date 
independently ina 
polyphyletic line. 


6. Monocotyledons 
are divided into 11 
Series inning 
with Pandanales 
and ending in 
Microspermae, 
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Hutchinson 


ledons in his earlier 
classification (1926, 
1934) into Archi- 
chlamydeae and 
Metachlamydeae ; 
the latter is con- 
sidered to be evo]- 
ved from the former 
in several lines. In 
this classification, 
the orders and 
families of Mono- 
chlamydeae of Ben- 
tham and Hooker 
are distributed 
among the Archi. 
chlamydeae (Poly- 
petalae of Bentham 
and Hooker) as 
reduced forms, and 
are regarded as 
being more recent, 
Later in 1959 
Hutchinson conside- 
red that the primi- 
tive polypetalous 
forms diverged from 
the very beginning 
along two separate 
lines -in one the 
tree-like (arborea]) 
habit of ancestra] 
type is retained 


Other her. 
baceous habit 


has 
been adopted. On 
the basis Of this 
idea 


Hutchi 
(1959) qjy son 
dicotyledons in 
wood 


and the her 


Showing 


VN 
three distin 
of 


Orchidales ; Nd 
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Linvaeus 


7. Linnaeus’ sys- 
tem of classifica- 
tion is purely an 
artificial system 
because it is 
based on one or 
à few superficial 
characters with- 
out considering 
other important 
natural and 
affinity bearing 
characters—hence 
this classification 
do not contribute 
anything directly 
to knowledge of 
scientific relation- 
ships among the 
families, orders, 
genera of plants. 
As the groups 
Dicotyledoneae 
and Monocoty- 
ledoneae were 
not considered, 
so in many cases 
the families or 
orders of both 
were mixed up 
and put together. 
The only advan- 
tage of this sys- 
tem lies in the 
aid to quick an 
easy identification 
of plants. 


STUDIES IN BOTANY - 


Bentham and Hooker Engler and Prantl 


7. This classifica- 
tion was never 
claimed by the 
authors as a phy- 
logenetic system, 
Bentham and 
Hooker’s system is 
an elaboration and 
slight modification 
of de Candolle's 
system proposed as 
early as 1813. This 
system is therefore 
conceived under the 
influence of the old 
dogma of the 
constancy Of 
species, and long 
before the theory 
of descent was pro- 
pounded, Flower- 
ing plants were 
divided into a few 
large groups based 
mainly on. several, 
often simple cons- 
tant superficial 
characters neglect- 
ing many other im- 
portant floral chara- 
cters—hence many 
closely related 
families were kept 
apart, and unrelate 

distant families 
were put together ; 
for example 1n 
dicotyledons th 
family Euphorbia- 
ceae is placed under 


he- 


7. This is a phy- 7. A 
logentic sy stem, " 
proposed subse- 
quent to the accep- plants 
tance of the theory and pet 
of descent. Engler ted wi 
and Prantl’s system primi ve 
is based on earlier anato lic 
Eichler's system of ters ar. 
classification pro- 
posed in 1883 and cally | 
on the assumption 
that in flowering 
plants the : 
of perianth 
primitive 


flowers are r 
as primitive 
are placed before and nume 
the families having stamens : 
perianthed and K 
bisexual flowers. fe 
This classification | 
disregards the fact also 
that many of these that 
families without a 
perianth are chara- 
cterised by having a 
gynoecium Com- 
posed of the union PN 
of two or more (Mp 
carpels—a condi- 
variance 


more 
and the 


this 


view as to 
origin of carpels, 
syncarpous  * x 
could hardly have 
p an apo- 
carpous (free) one 
Moreover a syncar= 
pous ovaryis charac- 
teristic o nealry 


ighly placed 
all the highly Ind er 


23 
TAXONOMY OF ANGIOSPERMS—INTRODUCTION 10. 


Linnaeus Bentham and Hooker Engler and Prantl Hutchinson 


ill recent work on of the phyletic lines 

m vd i fossil records viz. Lignos a e 
ee gives little support (woody arborea ) 
to this system. an Herbaceae 

(herbaceous) in his 

recent system is 

thought by many 

taxonomists to be a 

defect of the classi- 

fication, which is 

responsible for the 

undue fragmenta- 

tion of the families. 


L7 Characteristic features of Angiosperms 


giospermae (ie. angiosperms), another subdivision of the Spermato- 
«m eps the us recent wá ell organised flowering plants that have 
Soloaleed the earth. 


diversity of genera and species. It is estimated that angiosperms are com- 
of about 300 families with 


š 
5 


1 


trees, epiphytes 
wide variety of 
getation of many 
Monocotyledoneae 
(monocotyledons) and Dicoty, g to the presence of 
one of two cotyledons in their Tespective embryos. 


The Angiosperms are characterised by their seeds enclosed within 
the mature ovary—the so-called fruit. 


All angiosperms possess true flowers and the 
the pollen grains represent microspores and th 
Sac within the ovule represents the megaspore, 

Nearly all angiosperms possess true vessels i.e. tracheae in their 

Flowe bisexual 
either naked hylls i.e. car Tide 

y their margins to for i im pels are folded 


y are heterosporous, 
e uninucleate embryo 


Ë or short structure called Styl 
M keen yle and a ter 


Dirica e] stigma. Within the Ovary chamber(s), 


At the time of pollination i 
4 » pollen grains are al 
Some agencies on the receptive spot (stigma), of the Capel 
Subsequent to pol! 


lination of stigma and fertilizat; 
“oper li ertilization of the ovules, 
a vules into seeds and the ovary wall into the fruit wall 


S carried by 
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a fe -nucleat S Ji Cl 
W: e sac. known as embryo sac ; 
> s mb. sac; ga opn ¿ 


_ In the life history of angiosperms, there i rnation of 
tions of the sporophyte and pee eat ! 

differences between the former and the latter. The sporo hyte i 
sented by the plant with roots, stem, leaves etc. ; the gai 
represented by the pollen tube containing two male nuclei 
nucleus (developed from the germination of pollen grain; 
male or microgametophyte, and the developed few-nu 
sac representing the female or megagametophyte. In an 
gametes are always nonflagellate. 


Endosperm formation always takes place after fertilizat 
lopment of embryo always starts by the laying do! 
transverse or a vertical wall in the zygote cell. y 


The number of cotyledon in the embryo may be 
cotyledons) or ‘wo (in dicotyledons). Anatomi 
differ from monocotyledons in the nature of vas 
in monocots vascular bundles are closed while in 
bundles are open. The leaf venation in dicotylec 
mainly, in monocotyledons the leaf venation is para 


of course exceptions to these É fe 
Roots are either adventitious (in monocot mainly) 
(in dicot). | 
1.8 Origin of Angiosperms—The origin of angi 
nd definitely known, this is due to the mea 
tanical evidence for the ancestors of angiosperms. 


gely responsible for the divers 
s are indicative of primitive com 


Ag La 


There are various theories regarding the origin 
of which four d mostly accepte 


a) gymnosperm : 
| aber (c) Capone: origin an 
origin i.e, pteridophytic origi 
ipa entirely scientifically true ; all are ba: 


postulations. 


les, the 
members of the order Gnetales, 
gymnospetms, are interpreted a transitu fro’ 
i : particular ne 
MIL ees ven ipod resemble those O 
ted the morp! 
f Gnetales Were 


angiosperms w f 

i ttitalea 
The most important 1S the Bennett! 
which: is supported by many botanists 


n origin 
This 
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‘the similarities in the early angiosperm flower like Magnolia with 
‘the cone of Cycadeoidea (Bennettites). In gross structure, the flower 
of Bennettites and that of Magnolia are morphologically almost 
But there are important differences in wood anatomy 
Bennettites and Magnolia, besides there are other anatomical 


Caytonialian theory of the origin of angiosperms is postulated b 
many authors. Caytoniales is a small group of Mesozoic fossil 
gymnosperms, the fruits of which resemble very much those of 
oe because the seeds of Caytoniales are enclosed in 
items Bu so Caytoniales is considered to be ancestor of 


But this view too has been discarded on various 


According to Campbell and others, angi 
° l S, angiosperms were derived 
Qut erri pteridophytic ancestor like Isoetes. "This assumption 


1 es in the linear 
tion of the embryo, mode of 


CHAPTER II. Selected Families of ` 
Monocotyledons 


Order Glumiflorae: Herbs e 
Ne : or trees. Flowers are small, anthle 
is represented by scales, bristles etc. Inflorescence is spikeleh. 
cent or achenial or nut-like. Seeds with copious endosperm ; 


2.1 Family GRAMINEAE 


A. Diagnostic characters —Stem is cylindrical and with hollow 
with distinct sheath (open) enclosing the internode, half-a uL. 
ligulate. Flowers are borne in spikelets. Stamens 6 (3+3) or 3, 
Carpelone. Styles usually two with feathery stigmas. Fruit ca 


B. General characters—Plants are annual or pei 
rarely shrubs or trees, mostly monoecious. Roots fi 
present or absent. Stem (culms) cylindrical, mostly 
internodes (exceptions : Zea, Saccharum, Sorghum etc. 
nodes, nodes are usually swollen ; round, flattened or 
simple, lanceolate to linear, rarely ovate, with distinct 
the internode and overlapping or sometimes connate by it 
half alternate (distichous), ligulate mostly ie. vari 
appendages called ligules are present at the junction of the 
and the blade. Znflorescence—the basic inflorescence unit I: 
spikelets may be arranged on stem an i 
panicle ; spikelet may be stalked or sessile. 
special bracts—the so-called glumes ; the 1st 
subtend flower, the 3rd one is flowering and is known as 
site to lemma there is a bracteole called palea. Each sp 


- -flowered. Flowers bisexual, 
one-flowered or many-low: us n 


e.g. Zea, Coix) ; each flower arises in th 

P lemma. Ao bits are represented by 2-3 b 
called /odicules. Stamens 6 usually, sometimes Ae 
versatile, 2-celled. Carpel 1 or 3, of which 2 hi ps 
to some authors) ; ovary superior, one-chamber " n 
campylotropous ; stigmas two, feathery, latera Li 4 
lumes. Fruit caryopsis. Endosperm copious, ; ; 


the end of the endosperm. 
the larg 


The family Gramineae is 
the number of genera between 450 and > ; 
distributed all over and in all parts 
8+8) 


zone. 
C. General FJoral formula—@ 9 Po or 2-8 As "m 
D. Floral range— Flowers are unt ato v 
flowers are present in Pariana (whic pa also only ome 
Polytoca, Coix etc. ; stamens usually thre but Regarding 
sent in Uniola, in Coleanthus stamens 
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umes which is usually two, Ochlandra is exception as it 
ge d X glumes, and many lodicules. Stigmas are 3 in many 
members of Bambusoideae. Stamens are free but monadelphous 
androecium occurs in Neohouzeaua and Ochlandra. 


E. Affinity and Systematic position—Gramineae is closely related 
to Cyperaceae and Juncaceae. The taxonomic position of the 
family varies according to different authors. Bentham and Hooker 
have placed it in the last 7th series Glumaceae with Cyperaceae, 
Restiaceae, Eriocaulaceae etc.; with the last family, except habit, it 
has no floral similarities at all. Engler has placed the family in his 
4th series Glumiflorae together with Cyperaceae with which it resem- 
bles most. Rendle has followed the same principle. According to 
Hutchinson, Gramineae is the last advanced reduced taxon of the 
order Graminales in the monocotyledons. 


Fig. 2.1 
ina 


lower 
h 


a—glume two, 1, po ete one. ' 
e. a. 


F. 
Common plants—(a) Cynodon dactylon Pers, 


Trin., (c) Eragrosti ata » (b) Chrysopo 
ILC c 
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G. Plants of economic i 
importance is family. 
dag In respect of ecbWomie imigoretahe’ ihe 
Classified on economic basis as follows :— : 


1, CEREAL AND FOOD GRAINS: Tritic yun 
sativum Lam., T. vulgare Vill, wheat Plan) Zee ond 
corn plant) ; Oryza sativa L. (rice plant) ; Avena sativa L 
Hordeum yulgare L. (barley plant); Sorghum vulgare | 
Andropogon sorghum Brot., Joar) ; Panicum mili (I 
millet) ; Pennisetum typhoides Stapf & Hubb. (bulrush 


2. FODDER GRASSES : Cynodon dactylon Pers. (B 
Bothriochloa pertusa ^. Camus (Syn. Andropogon 
Panicum maximum Jacq. (the Guinea grass) ; 
Desmostachya bipinnata Stapf (Syn. Poa cynosu 
grass) etc. ! 

3. SuGAR-viELDING : Saccharum officinarum L. (sugar-ca 
cane syrup is obtained from the stem. à 


4. BUILDING MATERIALS AND MATERIALS USED IN 
FACTURE OF PAPER, MATS, BASKETS ETC.: Species 
B. tulda Roxb, B. vulgaris Schred., B. poi 
Melocanna bambusoides Trin. (Syn. Bambusa baccij 


Dendrocalamus spp. etc. 
5. AROMATIC GRASSES USED IN PERFUMERY : Vetiveria z 
Retz.) yields vetiver 


Nash. (Syn. Andropogon muricatus 

scented oil-yielding grasses are many species of bo 
martinii Watson (Syn. Andropogon martinii Roxb., 
palmarosa); C. citratus Stapf (lemon grass); 


(citronella grass) etc. 
arka Trin. 


6. MEDICINAL GRASSES: Phragmites k 


cine. Secale cereale L. is medicinal, cultivated at higher : 
the production of ergot of rye (Claviceps purpurea), Vi 
‘ergotine’ is used as a remedy for uterine haemorrhage 


birth. 

2.2 Family CYPERACEAE di 
is tri d solid. Leaves 

. Diagnostic characters : Stem is triangular an I 
in ur phyllotaxy (i I d ue E E 

ts. Stamens . 

one with LT" ‘plumose stigmas. Fruits nut or pat 
ass-like P 
B. General characters—Plants are gr p 
times annual herbs. Roots fibrous arising from ^ 


chous), with a grass- I 
ligule. M e 

cemes, panicle or ; 
Flowers Lam small, subtended by c 
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or in spikelet. 
cithe i i bract (or glume) apie 
o heme died by ase! tes sed based 
: : dor e mbered with single 
he asao tz superior, one-cham e eu 
Bonnae) o with 2 or 3 plu aaa, 
oes £ Serbs n suc indes by mealy endosperm 
or nut. | 
Cyperacea < ith 3,200 species 
Em X Ys 2 or 83 genera with 3, species 
distribu d os E otia from Arctic, E De 
J^ =" ad Cyperus is very common 
m zones, 


€ General Floral formula—@ Š Pos Ass Gto) or (a): 


e 
range—Carex has unisexual es ope. a te 
dem UR. lume-like perianth leaves o etii eda 
prd ima when present is usually represen 

are present ; 


2.2—Scirpus articulat TE 
s aser ardet (One 


Cez). A— Terminal p 
at the axil of à bract, 
E-Single stamen. F—Pistil G—T 


* 8. Of ovary, 
š H—Floral diagram, 

In Rhynchospora and Such hairy Perianth 
te numerous, Stamens are usually 3 í 
Hemicarpha and Bisboec 


art of the plant. 
D—Flower, 
Eriaphorum 


|; ne whorl, 
koleria are Unistaminate, 
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E. Affinity and Systematic position—The - 
resembles Gramineae and some members oi 
(Juncaceae) or Liliales. The taxonomic positi 
Cyperaceae according to Bentham and Hooker is 
the last 7th series in the monocotyledons. Rendle ; 
placed Cyperaceae in their 4th series Glumifloi 
Hutchinson and Wettstein have placed Cyperace 
order Cyperales:but not far from Gramineae. 


F. Common plants—Cyperus rotundus L.; C 
C. scariosus R. Br. ; Scirpus articulatus L. (here th 
only exception); Kyllinga monocephala Rott 
Clarke ; C. speciosa Kunth. ; Juncellus inundatus C 


G. Economie importane 
family is very little. 


atic scente 
longus L and from tube 


il is obtained fro 
: ea roots of C. 4 


Gramineae 

——1. Annual or perennial herbs, 

5 rarely shrubs or trees. 

2. Stems cylindrical, usually 

— With hollow internodes and 
jointed nodes. 

3. Leaves distichous, ligulate, 
leaf sheath open. 


4. Perianth is represented by 
2to 3 membranous lodicules. 


5. Stamens 6(3.-3) or 3; 
anthers versatile. 
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L. is eaten as 
us root-stock of Cyperus esculentus 

$5 psg Cyperus tegetum Roxb., C. „corymbosus Rottb. 
% tegetiformis Roxb.) etc. are used in making mats. 

is used in Kabiraji medicine for dysentery. 


2.3 Comparison between the families Gramineae and Cyperaceae š 


Cyperus 


Cyperaceae 
1. Perennial or sometimes 
annual herbs. 
2. Stems triangular 
solid. 


and 


3. Leaves tristichous, with- 
out ligule, leaf sheath 
closed. 


4. Perianth is either repre- 
sented by scales or bristles, 
or absent. 


5. Stamens usually 3, some- 


times one ; anthers basi- 
fixed. 
6. Carpel one. 6. Carpels2 or 3. 
7. Styles 2; stigmas 2, 7. Style one ; stigmas 2 to 3, 
feathery. plumose. 
8. Fruit caryopsis. 8. Fruit nut or achene. 


Order Principes: Trees, shrubs or herb. i 
or cna e om S usually unisexual, small, 


it drupe, berry or nut-like. 
24 Family PALMAE 
A. 


Diagnostic characters :—Trees with unb; 
š ranched 
innately sected or palmately-sected leaves. Flowers Soul d Eug, Mov f 


J; i 
— ing n m Raka sn 
Ovary su pea besed, ped spatheceous bract. Perianth 6, free, persistent, 
B. 


General €haracters. Plan 

: ts are usually trees 

eg shrubs, Stems are usually unbranched E d 
; ending’ onal, Covered with leaf-s "in icon 

crown of a few large | h 

blin escent (e, Shee 


subtended by 1 
Flowers 
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sepaloid, free, imbricate or valvate. Stamens 6in t 
rarely 3 or more, free ; sometimes pistillode 

flower. Carpels 3, connate ; ovary superior, 3-ch 
in each chamber; style short; sometimes 
chambered due to the abortion of other two ci 
berry or drupe with endocarp attached to the see 
small, embedded at the end of copious, oily, ru 
endosperm. P: 
This family having 210 genera with 4000 species is coi 
tropics of both the hemispheres. "e 


C. General Floral formala— M 
Male flower —@®6 Pets) Ae(sss) or 
Female flower—@® 9 Ps(s«oy Gian 
D. Floral range—Though flowers are usually 


bisexual flowers occur in Corypha, Licuala, Livistona 
the number of stamens, which is usually 6, there is 


2.4—Cocos nucifera tv cr the Ice. 
B— Inflorescence. Cr male (pistillate) fo 
e Feud oom Ó 
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i re numerous. 
6-many, in Caryota stamens a 
difference pa foe between staminate ( male ) ang 
le) flowers, the former is much smaller than latter i 
aa the pistillate flower is hundred times larger 
te flower. 


stematie position :—The family Palmae is 

los occ rukaq “usaha habit. It also bears relationship 
Cyclanthaceae and Pandanaceae. Bentham and Hooker payp 
his family under their 4th series Calycinae (due to both whorls 
perianth green calyx-like and tough) along with Flagellariaceae 
d Juncaceae. Rendle has put it under his 5th order Spadiciflorae 
with Araceae and Lemnaceae. Engler on other hand put it 
separate monotypic taxon Principes far from Araceae and 
paceac. In Hutchinson’s system its position is in the monotypic 
es between Agavales and Pandanales. 


= F. Common plants—Borassus flabellifer L. ; Cocos nucifera L.; 
‘ “Areca catechu L.; Phoenix sylvestris Roxb.; Calamus rotang L. ; 


elata Roxb.; Roystonea regia O.F. Cook (Syn. Oreodoxa 
H. B. & K.) etc. 


G. Economie importance—Economically this family is very 


* 


__ The tough stem-wood of Borassus flabellifer is used for the purpose 
of pillar. The climbing species of Calamus are known as vb iud 
for making sticks, seats of chairs, baskets, mats, boxes etc. 


Metroxylon sagu Rottb. (Syn. M. rumphii Mart.) producing sa 
starch is used as food. The excellent fruit of Cocos A eus (enconey 
is known to all—the endosperm and cotyledon of seeds are 
eaten as raw fruits, the dried endosperm i.e. copra yields coconut oil 
of commerce ; the water, which is also a part of endosperm, is used 
-s n good soothing drink ; the fibrous mesocarp of fruits is 

the manufacture „of a type of short and coarse fibre called 

E. is used for bristels of brushes, small cordage, cables 
ped Ropa etc. The sugary juice, known as toddy, is obtained 
g » Up: x cared flabellifer. and Phoenix Sylvestris 

—this “todd Ing sugar, “ur and loca i 
-drink ‘tari’, 2 god x = nerd m aro betel erede ie ia 
aoe ane. ike : Terminal buds of Areca Sapida are 
B» i cU rape The fleshy mesocarp of ‘oil palm’ 


: oil which i i ; " 
Soap, margarine and as a fuel for Bisel notes tensively in making 


PLI Š m H . 
os. sud Species of Palmae are cultivated as ornamental 


Family ARACEAE 
or cauline, vro 
3l Stamens 2, 


ters: Herbs with rhizo 


wers bisex i H 
ae or Sa grangenual i 


mes, tubers or corms. 
8-9. Fruit b 


n spadix inflorescence 
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B. General characters Plants 
. . > M a > ! 
aquatic e.g. Pistia) large herbs, sonst rell y 
Sometimes climbing; often with watery or milky j ic 
adventitious and nodal in climbing species, epiphytic | 
aerial roots. Stems rhizomatous, tuberous or co 


solitary, few or Several; general] 
(basal) or cauline with distict der 


unisexual flowers usually) ; in bisexual flowers perii 

two whorls, free or connate in a cup. Stamens 2, 4, 6 
opposite the perianth leaves, free or connate ; anthers ; 
dehiscing by pores or slits. Carpels 3, 2 (connate) 
superior generally, sometimes inferior (then sunk on — 
of the spadix), 1-3 chambered usually, sometimes sevi 1 
Placenta parietal or axile. Fruit berry or sometimes. 

berries. Seeds with abundant endosperm or p 
sometimes. 


This family having 105 genera with about 1,400 to 
distributed in temperate and tropical regions of the ¥ 


C. General Floral formula— 


@¢ — Po(s+s) or 4(2+9) Ao(s+s) or a(gs-uyor less or; 
or 


Male flower— (Dó Pe(s+s) or a(2+2) or os As-9 
Female flower—@® 9 Po(s+8) or a(a+2) or o, Gi- 


D. Floral range :—The ter Ane a a ral 
the flowers vary from typical 3-merous pi 
extremely reduced unisexual naked type, e.g. in AM 
cal monocot-like 3-merous, 5-cyclic, bisexual ; wl : 
Alocasía etc. the flowers are completely pran 5 
Besides, bisexual bimerous flowers also pee 
Gymnostachys. In Alocasia, Colocasia ete. es i 
as anthers are united together to form fme a P ierit 
Dracunculus are united at the base by the amen? 
only one stamen» 


E. Affinity and Systematic 
allied to the family Palmae. Th 
members of the family Liliacec. M 

Tos teri, Po lc di t n 

ici along with Palma ny ad 
the ren “spadix —this is adopted by many 


position —Family A 
is family is also Ié 
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er however placed the family in their 5th series Nudiflorae 
with Lemnaceae. Hutchinson placed this family in a 
order Arales close to Typhales. 


Common plants—Typhonium trilobatum Schott. ; Alocasia 
Schott, Colocasia esculenta Schott. (Syn. C. antiquorum 
1 Pistia stratiotes L. ; Pothos scandens L. ; Scindapsus offici- 
it. ; Arisaema spp. of temperate regions etc. 


Fig. 2.5— Alocasia 

i A Plant with rhizome, B—Infi 

a we Pm m dim: M only. D— Female flow, md 
1E ` 8. of ovary. G— Floral T 

ame of a female flower. 4 
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Order Farinosae: Grass- 
cyclic, trimerous. petis nee ns ' 


2.6 Family COMMELINACE/E 

A. Diagnostic cha i mani 
Leaves ERIA ‘alternate ond Waaa beati pu ] | 
or zygomorphic, bisexual generally, in cymes: at : y | 
sheath, Perianth 6 (3 +3). Stamens6. Fruit E kem 

B. General characters—Erect or i PE 
perennial herbs of marshy places. perc 
thickened and tub 
acaulescent or with 
ternodes, nodes are 
Leaves simple, 
trough-like, entire, 
with distinct s 
the stem. Infi 
or axillary, a simp) 
helicoid cyme or 
times solitary, cnc! 
shaped spathe or fo 
Flowers bisexual, r 
usually actinomo! 
or zygomorphic, | 
Perianth 6 in two 
outer green and 
coloured and peta 
connate, im 


two whorls o! each, 
© one of the whorls ma) 
[7 to staminodes or may 


NL, filaments hairy or smoo" 
C basifixed, h.n iO 
2 


lina benghalensis L. 
26 dee “A — Plant bearing 


Fig. 

(Commelinaceae). 

. B—Single flower. 

ñove Floral diagram. j | 

€. General Floral formula @ ort ó Pots n 

p. Floral range :—There is not a yn 
structure and composition of flowers, € i 


L hola ha. 
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ly 2 or 3 

fertile lia etc., or out of 6 stamens on 
pay be E it Similarly one of the carpels out of 3 
be abortive e.g. Floscopa. aps drm 
l Affini tie position—The family is related to 
7s amd id Giese opes of Helobieae like Alismaceae. 
c tic position of this family has been suggested differently 
diferent authors. Bentham and Hooker attribute its position in 
Series III Coronarieae due to the inner perianth being petaloid. 
and Rendle have placed the family under Farinosae near 

and Pontederiaceae. Hutchinson has put it under 
separate order Commelinales. 


F. Common plants—Commelina obliqua Ham. ; C. benghalensis 
L. ; Zebrina pendula Schnitzl ; Murdania nudiflora Bruck. ; Cyanotis 
axillaris Roem. and Schott. etc. 


G. Economie importance—Family Commelinaceae has practi- 
cally no economic importance except that a few plants like Rhoeo 
discolor Hance (Syn. Tradescantia discolor L' Herit), Zebrina pendula 
etc. are — ornamentals. The leaves of Commelina benghalensis L. 

~ are edible. 


Order Liliflorae: Perennial herbs. Flowers bisexual, regular, hypogynous 
or epigynous ; perianth alike, either petaloid or sepaloid ; ovary 3-chambered. 
Fruit capsule or berry. 


2.7 Family LILIACEAE, 


A. Diagnostic characters: Generally herbs or i i 
underground stems. Leaves either caning or cae Ten toot rene 
ce perd and hypogynous in various types of infiorescences, Periamh 6. 
‘Stamens , anthers versatile, both extrorse and introrse. Ovary superior, 3- 

B. General charaeters. Plants are usuall erenni 
undershrubs ; rarely shrubs, trees (e.g. Praca athe E 4 
etc.) and climbers (e.g. Smilax). Stems erect or climbing en 

into underground storage organs e.g. rhizomes b. ib f" 

corms. Leaves simple, cauline or basal ie. radical erat + 
whorled, rarely opposite (e.g. Scolyopus), mostly lamella co aa 
reduced to scales or sheaths sometimes jen MM, 
cence various ; generally race Mu cee 

ual, actinomorphic (regular), one ee 

(e.g. Smilax). Perianth 6 in two p Lxx d 

mostly petaloid, sometimes sepaloid and PM Db 343, 
very rarely perianth is di i i green; free o 
L calyx and c 


anatropous, cente. each ovary chamber 


s.t usually 3, or 1 with 3 | s divided or united 
1 obes. ; united ; 
Seeds with fleshy or cartilaginous ailaren s 
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. The family with 240 genera having 4000 sp 
distribution. es 


C, General Floral formula @ 4 , Poss), Act 


D. Floral range—This family, one of the lar; 
monocotyledons, is remarkable for the dev 
construction from that of normal one. Though 
phic and bisexual, but zygomorphic unisexual 
e.g. the flowers of Gilliesia, Haworthia are zygo 
of Smilax, Ruscus are unisexual. The flowers o 
ous or even polymerous. g. 


ceae). 
Fig. 2.7—Allium cepa L+ sh por a aA 


showing bulb. aca 
cence. C—Flo 
inflorese s, of the 


E. Affinity and Systematic perma š 

to Amaryllidaceae it is » pne 
of ovary an ys 

Pontederiaceae 

Systematic position o 

ker, is under 

==. arae ‘and Rendle 


3 
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Parinosae (Commelinales). It is Hutchinson’s prolific taxon—the 
Liliales under his division Corolliferae. 


it Ilium 

lants— Gloriosa superba L., Allium cepa L., A 
K Tatem indica Kunth, Asphodelus tenuifolius Cav., 
As, racemosus Willd., Dracaena terniflora Jack., Aloe barba- 
densis Mill. (Syn. A. vera L.). 


G. Economie importance — Allium cepa (onion) and A. sativum 
(garlic) yield food stuff.  Fibre-yielding plants are Sansevieria 
roxburghi Schult. f., Yucca gloriosa L. etc. Medicinal plants are 
Aloe barbadensis, Smilax zeylanica L. (Syn. S. macrophylla Roxb.) 
and many species of Urainea. From Colchicum luteum Baker, 
colchicine—a laboratory reagent is obtained. Many plants like 
Gloriosa superba L., Hemerocallis fulva L., Sansevieria spp. etc. are 
cultivated as ornamental garden plants. 


2.8 Family AMARYLLIDACE/E 

A. Diagnostic characters : Mostly bulbous perennial herbs. Inflorescence 
often umbellate cyme enclosed by bract. Flowers actinomorphic or medianly 
zygomorphic, epigynous. Perianth 6 (34-3). Stamens 6 (3+3), corona often 
present ; anthers versatile, introrse. Ovary inferior. Endosperm fleshy, 

B. General character 


herbs, rarely shrubs ; root stock a rhizome, corm or bulb. Leaves 
are mostly radical (basal), simple and disti 
Inflorescence usually u 


; > rarely free, imbricate or 

aons 6, epiphyllous i 

ed into corona-like th ° 

celled, almost introrse. C "n voe 
m š 

ntation axile ; stigmas 3, or and 3 wd mao e Rar I 


The family with 86 genera havin 1,3 
: . x 10 
the tropical and subtropical regions of the world 


C. General Floral formula 


D. Affinity and S 


ecies is distributed in 


7G or um Š Pet) 


$ - Hutchi 
near Liliales ime ina Separate monotypic order A chinson 
€n placed under the by Engler daceae have 


tuberosa L.. Z 
2 aig ephyrant 
Thunb, ; Agave americana P ; 


E. Common l 7 
| ^ Plants — Pol;ant, 
Srandiflora Lindl. ; Crinum uu. 
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Pancratium vi a 
Gaertn. etc, erecundum Ait. ; P. triflorum Roxb. ; Cure | 


Fig. 2.8—Polianthes tuberosa L, (Amaryllidace 
the scape bearing erosa L.A 
tyle with tl 


— Floral diagram. ` 


(manila maguey), 
(blue ele hant aloe) e 
arc used for the manufacture of ropes, t^ 


2.9 Comparison between Liliaceae 
Liliaceae , 
s are of L 


1. Underground stem 
various types—represented by 
rhizomes, bulbs, tubers etc. 

2. Leaves are of various types 2 


cauline or radical. 
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Liliaceae Amaryllidaceae 
us. 3. Flowers epigynous. 

4. Le is sew race- 4. Inflorescence jiu umbellate 
mose— racemes, spikes, pani- cyme enclosed by bract. 
cles ; rarely umbellate cyme. 

$. Corona absent infilaments — 5. Corona often present. 
of stamens. BR d 

6. Anthers versatile, both in- 6. Anthers versatile, introrse. 
trorse and extrorse. 

7. Ovary superior. 7. Ovary inferior. 

$. Endosperm both fleshy and 8. Endosperm fleshy. 
cartilaginous. 


Order Scitaminez* : Bisexual asymmetrical or zygomorphic, 
Perianth consisting of 6 members in two whorls (3+3), petaloid or differentiated 
into calyx and corolla. Stamens 6 in two whorls, nearly all of which or some of 

are reduced to petal-like staminodes, others are fertile ; sometimes one is 
fertile, the other 5 are staminodial petaloid or even half anther of the 6th stamen 
ts only fertile, rest all are petaloid staminodes. Seeds with aril and copious peri- 
sperm. Ovary inferior, 1 to 3-chambered. Frui. 


t a berry or capsule, 
2.10 Family MUSACEAE 


A. Diagnostic characters : Herbs. Leaves simple. Flowers zygomorphic, 
generally bisexual in compound spadix. Perianth 6 (3 +3), petaloid, more or less 
united or free sometimes. Stamens out of 6, 5 are fertile and one is staminode or 
eee. 6 are fertile. Ovary inferior, 3-chambered, Placenta axile. Fruit 


epigynous flowers, 


V + apex cirrhose, ptyxis convol 
te ie. mixed spadix in vili © ° 


OWeIS are racemosely arranged on th 


i d ic eg by a large spathe-like, e ME each group 
omorphic, epigynou i : 
by abortion of essential Mente Ce Renal t My unisexua] 


r Perianth 
either petaloid or diff : 
pn 8, Fue sue, more or less connate or EXER in ce 
^ ; rtile 
fay ais and the rest 


y axile or someti 
ll; style Simple, one : ten 
ruit a 3-celled c. le c AM aie 
E ens oed E 2 apsule or an elongated 
Often arillate ; embryo strais e Pious A n ‘ per 


of S i 
ha citamineae at the end of the arti 
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E. Economic importance—The family is very i portan 

the economic point of view. Zingiber “officinale (the i -—— 
—the rhizome is used as spice in cooking. Curcuma bem 
dried rhizome is the ‘turmeric’ and it is a kitchen spice. Curcuma 
zedoaria Rosc. yields ‘radix zedoary’ used as medicine. i 
cardamomum (L.) Mat. var. minor Watt., the seeds of mature dried 
fruits are highly priced condiment ‘chota-alachi’. mum 
aromaticum Roxb. (Bengal cardamon). A. subulatum Roxb. al 
cardamon)—‘Bara-alachi, the seeds are used as spice and condiment, 
Common ornamental garden plants are Hedychium “coronarium 
Koenig (Dulal champa), Kaempferia rotunda L. (Bhui champa) etc. | 


2.12 Family CANNACEAE 
leaves without ligule. g j 


A. Diagnostic characters 4 1 Perennial Ben Eos | 
zygomorphic, asymmetrical, bisexual and epigynous in S cyme. l! 
id and inner petaloid. Sepals free but petals connate at i 

6 (3-+3), ont ahich only posterior. f eed is the fertile stamen with 


Stamens 6, of which only posterior one o 
half anther, Fruit a loculicidal warty capsule crowned by persistent 


po 


lant bearing 
y ona of seed. 


EE 
ig. 2.11— Canna indica a 
Powers. B—Flower-, s 


General charac pe 
: i half alternate \ nt ae 
Hir Jic large, dy veined with distinct midr 
elliptic, 


5 
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base, rescence Is apparently terminal spike but 
turns +5 R A Bu kaq Flowers shee rh eat 
i acteate, showy and coloured. ` 
oy e A le reo. cs (3+3), outer popatojs, Son, imrlante 
+. etaloid, connate a e e; cate. 
s Cin Me wach: all but one are reduced to large perag 
staminodes ; two laterals of outer whorl are staminodes, the thir 
posterior one is suppressed ; in the inner whorl only the posterior 
one is the fertile stamen with half anther, two lateral stamens are 
connate to form a curled petaloid staminode—the /abellum. , Carpels 
3, united; ovary warty, inferior, 3-chambered, placentation axile, 
ovules many in each ovary chamber; style petaloid ; stigma 1, 
terminal. Fruit a loculicidal warty capsule crowned by persistent 
cal Seeds with copious mealy perisperm and scanty endosperm, 
ate often. 


The family contains single genus Canna. (monotypic) with 30.60 
species, distributed in tropics and sub-tropics of the world. 


C. General Floral formula— |. D Pius As Gis) 


D. Common plants are Canna indica L. ; C. edulis Ker=Gawl. etc, 


E. Economie importance— Canna indica is cul 
mental garden plant. From the rhizome of C. 
starch is prepared which is used as food staff. 
of C. orientalis Rosc. are used as vegetables, 


2.3 Family MARANTACEAE 

A. Diagnostic characters : 
nate with pulvinus-like swellin 
often in pairs at the axil of br. 
3-chambered or one-chambere 


, B. General characters—Plants are perennial herbs or shrubs 
with rhizomes, sometimes with tuberous underground stems. Leaves 
simple, } alternate, distinctly differentiated into open sheath, petiole 
and blade; petiole with pulvinus-lik i ) 


tivated as orna- 
edulis a kind of 
The tuberous rhizomes 


Herbs or shrubs with rhizomes. Leaves half alter- 
g. Flowers Zygomorphic, asymmetrical, epigynous, 


acts in spikes or lax panicles, Carpels 3, ova 
» Ovary chamber one-ovuled. 1 d 


i » Sometimes with one 
venation unicostate Parallel, 
Subtended and surrou 
a s 0 Zygomorphic, i 

pe. often in pairs at the axil Yt x^ anth 6 Gace 


of bracts. Peri 
yx and corolla ; sepals 3, free, j RSS 6 (3+3), 


tubular corolla, 


inferior, 3-chambered 


l or 1-chambercd Wit » connate ; Ovary 
amber on axile Placentation ; style strong, aU, in each 


twisted ; 
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Stigma 1, termin 
t al or tru 
ait capsule or fleshy berry-like by ae 
y perisperm. Us 


pressed foveolate 


hiscent. Seeds stylar apex. 


arillate with 


26 genera and 2 
new world. d 


Marantaceae wi 
tropics of both old. i pecies is distributed in th 


As or "Tom 


3 General Floral formula— T6, Pg 
"c s © 6(8*8)» 
mmon plants—Maranta arundinacea L. ; M. bicolor Ken: 


Clinogyne dichotoma Salis 


ld etc. 


b. ; Phrynium capitatum Wil 


Fig. 2.12—Maranta b color Ker. (Marantaceae). 


bearing flowers. 
st—staminode. C—Flower s 


stamen with } anther, ka— 
the right band side there i 


pread open ; 
hooded stami 


E. Economic importane 
yield arrowroot (ararut) of commerc 
in making ‘sitalpati’ mats in Bengal, 
ornamental garden plants e.g. species 


ison of Musaceae, 


e. 


2.14 Compar: 


Marantaceae š 
Musaceae Zingiberaceae 

e- Aromatic herbs Herbs wit 

h with rhizomes and omes. 

thickenings in 

roots. 


Large herbs, rar 
ly trees wit 
rhizomes 


B—Flower ; s—speal, p petal, b—bract, sw—la 
st—staminode, 
node. On the top of 


s a floral diagram. 


e—The rhizomes 
Clinogyne dichotoma 
Assam and Tripura. 

of Calathea, Thalia ete. 


Zingiberaceae, 


Cannaceae 


A—Upper part of the plant 
bellum, 


a 


of Maranta arundinacea 

js used 

Some are 

Cannaceae and 
Marantaceae 

Herbs, shrubs 


He, rhizomes and 
tubers. : 


h rhiz- 
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Style simple, not 
pea 7 


Stigma capitat 
or slightly lobed. 


Zingiberaceae 


Leaves half alter- 
nate, with ligule. 


Flowers medianly 
zygomorphic, bi- 
sexual, epigynous. 


Perianth 6 (34-3), 
differentiated into 
outer calyx and 
inner corolla— 
calyx members 
ie, sepals are 
united in a tube. 
Stamens 5 in two 
whorls, but only 
the median poste- 
rior stamen of 
inner whorl is 
fertile and with 
two anther lobes, 
the outer 2 laterals 
unite to form a 
petaloid ^ labellum 
Or lip; the two 
lateral stamens of 
the outer whorl 
are reduced to pe- 
taloid — staminodes 
or wanting. 


Carpels 3, ovary 
inferior ^ 3-cham- 

^ Ovules 
many on axile pla- 
Centation general- 
ly—rarely ^ ovar 
Is, One-chambered 
With parietal pla. 
centation, 
Style long, slender 
Passing through 
the furrow of the 
fertile stamen, 


Stigma of different 
forms, 


Fruit 
indehisci 


Capsule or 
ent 
fleshy. 


or 


Cannaceae 


Leaves without 
ligule. 


Flowers asymme- 
trically ^ zygomor- 
phic, bisexual, 
epigynous. 


Perianth 6 (34-3), 
differentiated into 
outer calyx and 
inner corolla— 
sepals are free and 
petals are connate 


at the base. 
Stamens 6 in two 
whorls; of these 


only posterior one 
of the inner whorl 
bearing half an- 
ther (i.e., one lobe) 
is fertile, others are 
reduced to petaloid 
Staminodes, one 
lateral staminode 
of the inner whorl 
form the labellum. 


Carpels 3, Ovary 
inferior,  '3.cham. 
bered, each cham. 
ber with main y 
Ovules in two 


Y series on axile 


placentation, 


Style petaloid, 


Terminal and 
Oblique, 


Fru 
dal 
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Marantaceae 


Leaves are distinctly 
differentiated into 
open sheath, petiole 
and blade; stalk 
with pulvinus-like 
swelling. 


Like Cannaceae 


Like Cannaceae, 
but sepals are free 
and petalsare 
connate in an un- 
equally lobed 
tubular corolla. 


Stamens 4 or 5 in 
two whorls; outer 
whorl is represented 
by lor 2 petaloid 
staminodes, or all 
are suppressed ; in 
the inner whorl,the 
posterior median 
stamen bears } 
anther, other half 
is petaloid stami- 
nodes, other lateral 
2 stamens of the 
Same whorl are 
metamorphosed into 
petaloid staminodes 
—One of which is 
labellum and the 
Other is hooded 
Covering the stigma. 
Carpels 3, ova ry 
inferior, 3 or 1-cha- 
mbered ; each cham- 
T Is one-ovuled. 


Placentation is 
axile. 
Stout, flat and 
twisted, ° 
Terminal or trun- 
Cate ora depressed 
foveolate s tylar 
apex, 
Fruit Capsule 

or 
fleshy berry-like but 
dehiscent, 
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Hooker's Scitaminez into four distinct families treating S 
as a distinct and advanced order. Engler, Rendle and others co 
ing the elaboration of flowers, zygomorphy and epigyny treat 
order as an advanced taxon and consequently placed it before Orchi- 
dales—the last highest advanced taxon. Hutchinson however toc 
separate view, he splitted up the family Musacez into three separate 
families viz. Musaceae, Strelitziaceae and Lowiaceae ; so Scitamin 
of Hutchinson consists of 6 families and those have been 
under the order Zingiberales of the division Calyciferae. 


Order Microspermae: Epiphytic or saprophytic or terrestrial herbs; t 
shrubs. Flowers cyclic, zygomorphic or actinomorphic, bisexual, epigynous. OF 
inferior, 1 or 2-chambered. Fruit capsule ; seeds minute. D» 

2.15 Family ORCHIDACEZ "ad 
La 

A. Diagnostic characters : „Perennial epiphytic or saprophytic or terres 
herbs. Flowers bisexual, medianly zygomorphic, epigynous. Perianth ehe 
whorls, the posterior median member of the inner whorl is the Lens ri 1 ] 


1 or 2, pollen in pollinia usually ; the filament is united with the 

column or gynostegium. Carpels 3, united in one-chambered bv oegi j 
placentation parietal, Stigmas 3, of which two are receptive, one t sterile i 
known as rostellum. Fruit a capsule. Endosperm absent. Embryo undifferentiated. 


n 


habit. 
aceae). A—Plant showing 


R. Br. (Orchid ved 

C—Flower with Lx petals ma (sp, anther 
m; , # pit 

jabellum (1), spur (Spr) SIDE posterior view. E- Floral 


Fig. 2.13— Vanda roxburghii 


B— Flower. 


. D—Flower s REE 

othe tod s a epals coida 7a a St—Stamen- 

diagram. S—sepa’s : p 
erennial heros ; mrestrial 

acters—Plants are ere bing; te 

B. General char: sometimes vine-like cl oi bers, pseu- 


a er or saprophytic e roots and with rhizom 
herbs w 


{th fibrous or cord- 
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ike ‘ fly-like”, ‘broad shoe-like' ete. with beautiful 
A oen] vem is known as Jabellum or lip—this labellum 
due to a 180? twist in the Ovary or pedicel during 

he base into sac 

g necter secreting cells, Stamens either 1 or 2 
cells 2 or 4 sometimes, opening by longitudinal 
i i i cium) to form a column 
connate in waxy masseg 
metimes pollen granular, 


Paludosa Fig. 2.15—4n 


orchid 
^ P—petals, la—labellum, longitudinal Section, C. M dn 
c—column, ini 


Dl—pollinia, 0—ovary. P— Poll j 
B—Floral diagram of Cypripedium, x ed. A 


—Disc. R—Rostellum, St— 
Stigma, Po—Part of labellum, 

Carpels 3 connate ; ovary inferior and twisted I-cha 

many on three biseriate f rein at 


i Parietal placentas ; stigmas 3, of whi 
Feceptive i.e, fertile and the other terminal one js Sterile bang Sa 
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as rostellum. Fruit a capsule. Seeds i 
i s numerous, exalbu- 
minous ; endosperm absent ; embryo undifferenta m - l 


The family having 450 genera with 10,000 les 
LE ,000 to 15,000 species is 
distributed throughout the world. In India t Himalayas 
and Sikkim are the abode of many orchids, E 


C. ‘General Florat formulama $ Peotsssp Ax or a» Gr. 


D. Floral range—The flower consists of regularl alternating. 
3-merous whorls, two of which belong to hdi. pA, two 
the androecium (mostly one of the outer 3 whorls in case 
monandrous species or only two of the inner whorl in case of dian- 
drous species are represented as perfect and fertile, others are 
and one to the gynoecium. The sepals are mostly smaller and less 
conspicuous than the petals but in some cases e.g. in Mi la 
sepals are larger than petals, united and more conspicuous, co: 
within calyx tube, the small petals, labellum and column. In Disa 
and Haemaria the odd sepal is spurred ; in the latter, it is adnate to 
the lateral petals forming a ‘hood-like’ structure. The petals sonnet 
to different genera have different structures ; in Coryanthes the J 
petals are absent ; in Epicranthes they are very slender and 


like. 
e and wide but sometimes small and 


The labellum is often larg y It so A 
narrow as in Disa; it may be variously incised e.g. ‘de 
3-partite etc. In Cypripedeae all 3 stigmas are receptive i.e. fertile + 


in others only the lateral p the 3rd one is 


air of stigmas are fertile, 
sterile and is known as rostellum. The anther may be i or m j 
bered with corresponding number of pollen masses. Pollen 1s 
lar in Cephalanthera. ! 
E. Affinity and Systematic position, Oe E clot -— 
i lationship with the families of Sct amineae, 
xp and Zingiberaceae and also it bears relationship 


Liliaceae. P. 
i by most authors at 
The family Orchidaceae has been placed oy Udo or Micros: 


the order 
ocotyledons unde Vu der ay in the monoco 
esence of sm 


ker, due to the presen dev 
>, ng in their Series I Micro 
ily at the beginning in t es T M utchinson 
phat Hiydrocharideae (very unnatural gone (masi ypic 
tá it under more or less advanced order ba les liferae. 
peo ph Burmanniales and Haemodorales u dE potita 
jj R. Br. ; Oreis 7 
P. lants— Vanda roxburghii R- Ot? gplexis pa 
nel. f. Cypripedilium elegans Reichb ; ae ui dl; Zeuxine 
Griff. ; Habenaria digitat 


a Lind). ; Dendi no “a 
i illosa Lindl. etc. eo 
za Lindl. ; Acampe pap! e 
sulca ance—T! pa Plants this 


€ : n i 
» Economic import he economic I 
ily is concerned ith numerous beautif g 

fam w u arden 


— f — 
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of Dendrobium, Cypripedilium, Cymbidium, Orchis etc. Vanilla 
eel L. yields vanilla scent, a flavouring agent. 


2.16 Why is the Orchidaceae regarded as the most advanced: 
family in Monocotyledons ? 


(2) Further elaboration has arisen in the epigyny (inferior Ovary) 
together with reduction in the number of members of androecium and 
in the union of much reduced style with androecium on a special 


(3) Further, of the three stigmas two are receptive, the third’ 
One is sterile and forms a Structure called rostellum ; for insect polli- 
nation, it is a very high device, 


(4) The orchids also afford wanderful example of thi 
which is possible in one type of flo 


mechanism has reached its highest speciali 
of pollinium which finds its parallel development in the Asclepiadacez 
among the dicotyledons, Which is also an 


€ represents highest of all the 
monocotyledonous families. The herbaceous habit is predomi i 
tchidaceae which is recent rather tha imiti ast i ç 


Mont Pinar Orchidaceae 
Y Perennial herbs, r. ial epiphvt; 
Shrubs with rhizomes, and some trj, STetMial epip iytic Or terres. 


% Some- trial or saprophytic herbs : . 
es with tuberous stems. times with doca š fübes 
tc. i 


" Pseudobulbs etc 
Orescence Various—ranges Infloresce 
l a nce ran 
A Ernie cg Moos iso Solitary to Taceme, om ie 
Y^ SOmetimes pani M 
AT AES (spadiz) i P Iculate 
s. 
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Scitamineae 


» F owon bisexul generally, 
gomorphic or asymmetri l i 
epigynous. T 3 zygomorphiereng : 


Perianth 6 (3+3), either Perianth 6 (33-3), z: 
petaloid or differentiated into into outer calyx : 
outer calyx and inner corolla. to outer calyx and 


The lip or labellum is formed 
from two lateral staminodes 
(petal-like sterile stamens) of the 
inner whorl. 


Stamens ranges from 6 to 1. 
In Musaceae 5 or rarely 6 stamens 
are perfect, in Zingiberaceae 1 
stamen is perfect, while in Canna- 
ceae and Marantaceae only 
anther of a stamen is perfect, 
others are reduced to staminodes. 
Gynostegium is absent. Pollen 
grains are granular. 


Carpels 3, ovary 3-chambered 
mostly, sometimes 1-chambered 
(Marantaceae). Ovule 1-many in 
each chamber, placentation axile. 

Fruit—berry or capsules 

Seedswith perisperm, usually 
arillate. 


Fruit capsule. 


Seeds minute, © 
without aril. 


CHAPTER 1 Selected Families of 


Dicotyledons 


7 i: l, rarely bisexual, small with 4-5 merous: 
LR" date ap ve Panik leaves. Ovay l-chambered with 
one ovule. 


3.1 Family MORACEAE 


Diagnostic 3 shrubs with latex. Flowers unisexual. 
Pertanth 2-6. enim e Ae con-Ghaxhered or 2-chambered. Ovule 


pendulous, curved. Embryo curved, endosperm fleshy. Fruit multiple of achenes 
or multiple of berries. 


. General characters—Plants are deciduous or evergreen, 
Miedo or dioecious trees or shrubs, rarely herbs (e.g. Dorstenia): 
with milky latex. Leaves are alternate, simple, entire, serrate or 
lobed, stipulate—stipules 2, small or large, lateral, caducous or 
each pair forming a cap over the bud and leaving a cylindrical scar. 
Inflorescence basically cymose or racemose, (spike) but often much 
modified e.g. hypanthodium, coenanthium, globose head-like or 
pendulous amentiferous structure etc. Flowers unisexual, minute, 
regular (actinomorphic), hypogynous. Perianths _2-6 (generally 4 in 
two whorls e.g. 2+2), free, or slightly connate, imbricate or valvate. 
Stamens in male flowers equal in number (generally 4 or reduced to 
1-2 in Ficus, Morus, Artocarpus) and opposite the perianth segments, 
bent or straight in bud, free; filament distinct, anther 2-celled, 
versatile. Carpe Placed, connate, 


ls in female flowers 2, medianly 
frequently the posterior carpel is abortive; ovary superior to 
inferior, one or two-chambered ; ovule one in each chamber, pendu. 
lous anatropous, amphitropous or orthotropous and curved ; style 
orm and mostly 2, stigmas 2. Fruits a i 
berries, berry-like achenes, multiple of ach 


A : onn enes enclosed in flesh 
uncular receptacle or drupe enclose y persistent perianth. 

eni fleshy endosperm or endosperm is 

curved. 


Moraceae consisting of 73 genera with about 1,000 species; 
mainly confined in the tropical warm countries of the world, — 


C. General Floral formula— 


Male flower— (6 P,.,, As-c 
Female flower—@ ç P; 


-67 Gea) or Gea) 
D. Floral range—Th 


€ number of stamens are four ie.e 
vi the number of perianth leaves ; but in Ficus, Dorstenia, Morus Sua 
ae. the t 2d amens is often reduced to 2 or }h 
Wo but in Chlorophora Carpel is one, there is i : 
Of posterior carpel, In Maclura the number of style is p yan 
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E. Affinity and Systematic position— This family has got. 
tionship with members of Ranales and Rosales. Bentham and H 
included all the genera of Moraceae under Urticaceae, 
authors considered Moraceae as a distinct family under Urti 


F. Common plants—Ficus benghalensis L. ; F. religiosa | 
elastica Roxb. ; Morus australis Poir. (Syn. M. indica auct | )! 
M. alba L. ; Streblus asper Lour. etc, I 


G. Economic importance—This family contains consi 
[ number of plants of economic importance as follows : 


Artocarpus heterophyllus Lamk. (Syn. A. integrifolia L.) | 
edible ‘jack fruit’, it also produces hard and durable timber. Arf 
pus communis Forst. (Syn. A. incisa L.) is a ‘bread-fruit’ = 


iralis Poir, (Mora 
Fig. 3.1—Morus ausi a Poir D D. 
c Vnd E Female inflorescence ne emule 

C "Foral diagram of male flower. 


etia papyriferal L.) ^ 
etables. Brousson OD hewsprin 
"fruits are -asdiberry the pulp is used os 2 E gi vo n s 
res nig lustrous fibre is obtained from 
stro ; 
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making writing paper, umbrellas etc. Ficus carica L. yields edible 
fruits, the ‘fig’. Morus australis (the common mulberry) is cultivated 
for rearing silk-worm. Ficus elastica Roxb,, Indian ‘rubber tree’ 
the Poa obtained from the bark of branches is used for making 


3.2 Family URTICACEAE 


A. ic characters: Herbs or under-shrubs without latex. Flowers 

or ny eed plmerous, š r ass a many as perianth leaves, inflexed in 

m » Style 1. vule orthotropous, erect. End ily ; 

embryo straight. Fruit an achene or drupe. pee ep in 
B. General Characters —Plants are monoecious ioeci 

Or dioecious 

fibrous herbs or woody under-shrubs without milky latex, but often 

th watery juice and Stinging hairs (eg. Urtica, Fleurya). Leaves 


i —Portion of floweri 
: eri 
a : fram of male flower, P Female flower = 
` simple eith gram of female flower, a 
in Papi, T alternate or o 


a i PPosite, sti : 
eye ™mlorescence basically cuts (exception ; exstipulate 


OT ca 2 : 
unisexua] tkin-like on short axillary sta” js head. like 
YPogynous, haplochlamydoun “se small, 


1056 . S 


absent or present, when 
r , present members biseriate 
a (perms free n connate E Mec eM 
Í S as the perianth ; usually 
opponi the kun s a ; filamente bue A nip 
25 ers 2-celled ; a rudim often 
present. Carpel in female flowers one, pa pakil 
jtd Pu panier ovule 1 in each chamber, : 
s, ; Style one, stigma one and ofte i uft; 
pape staminodes often present. Fruit an nh por 
rupe, often enclosed by persistent perianth. Seeds with oily 
perm, embryo straight. 
The family comprises 42 genera with 600 i i 
c | species, distri- 
buted in tropical as well as temperate regions of the eres 


€. General Floral formula— 
Male flowers— @ ô Py-s, Ai-5; 
Female flowers—( 9 Ps-s, Gs 
universally unisexual either in 


in Parietaria flowers are 
flowers in an inflorescence. 


c position—This famity is closely allied 
to Moraceae and some mem and Rosales. 


Bentham and Hooker 
near Euphorbiaceae. th series in à 
rimitive taxon Urticales. Hutchinson placed it under U 
(Lignosae) near Casuarinales. 
F. Common plants—Fleurya interrupta Gaud. ; Pouzolzia indica 
Trema orientalis Bl. ; Urtica dioica L.; U. urens L. ; Pilea 
microphylla Lieb. ; Boehmeria nivea Hk. & Arn. etc. 
G. Economic importance-—This family is of little economie 
importance. Boehmeria nivea is a fibre plant, it yields strong 
used in making rope. Some plants like Pilea, Pellionia etc. 


ornamental. 


Gaud ; 


ticaceae and Moraceae š 


8.3 Differences between Ur! 


Urticaceae 
1. Herbs or under-shrubs, 
often with stinging hairs 8n 
without milky latex. 
2. Leaves alternate or Oppo: 


site, simple, entire, stipulate. 

3, Flowers unisexual in cymes 
or head-like cymes or catkins. 

4, Perianth leaves 4, 2+2, 
sometimes 5. 


Moraceae 
1. Trees or shrubs 
latex. 


with milky 


. Leaves alternate, simple, | 
entire or lobed, stipulate. a 


3. Flowers unisex in cymes j 
or spikes or enclosed in fleshy 
cupular inflorescence. 

4. Perianth eaves 2-6 —— 
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Urticaceae Moraceae a 

Stamens 2-6, straight or 

s as many as 5; Š 

Eis Rare, inflexed in bud. curved in bud. 

6. Ovary 1-chambered. 6. Ovary one or 2-chambered. 
1. Style. 1, ovule orthotro- E Styles 2, ovule pendulous, 

: 1 curved. 

id . ` 

2n "PR an achene or drupe. 8. Fruit multiple of achenes 


enclosed in peduncular cup or 
multiple of berries on large 


peduncle. 
9. Endosperm oily, embryo 9. Endosperm fleshy, embryo 
straight. curved. 


i i hreate 
onalas: Herbs, shrubs or rarely trees with leaves having oc 
oss] ion bisexual, perianth members are similar. Carpels 4-5. Ovary 
one-chambered with solitary orthotropous ovule. Fruit nutlet or achene. 


3.4 Family POLYGONACEAE 


^ tic characters: Herbs or shrubs, rarely climbers or trees 3 nodes 
A ts ER ochreate stipules. Flowers small, regular, usually bisexual ; 
perianth members undifferentiated ; ovary triangular, 1-celled. ` 


B. General characters—Plants are herbs, shrubs, rarely climbers 
(e.g. Corculum) or trees (e.g. Coccoloba). Stems often with swollen 
nodes, occasionally geniculate. Leaves alternate, simple, entire 
having ochreate stipules (exception : Corculum). Inflorescence basi- 
cally cymes (cymose) which are often disposed in racemes, 
panicles, spikes or heads. Flowers usually bisexual (unisexual in 
Rumex), small, hypogynous, trimerous, actinomorphic (regular), 
cyclic or acyclic. Perianth members 6 in two whorls (34-3), rarely 
5, sepaloid usually, rarely slightly coloured, or rarely there is a 
tendency of differentiation into outer calyx and inner corolla, free, 
imbricate, persistent. Stamens 6-9 in basi 


cally 2 whorls (the outer 6 
Often introrse and 3 inner extrorse), or less than 6 ; filaments free or 


basally adnate, anthers 2-celled. Carpels 2-3, or rarely 4, connate E 
Ovary superior, l-chambered ; ovule one in each chamber, basa], 
Orthotropous ; style 1, stigmas 2-4. Fruit a 


s trigonous nutlet. Seed; 
eccentric or lateral embryo; endosperm 


copious, mealy. 
Polygonaceae with 32 genera and 800 s 


t pecies is distributed in the 
north temperate regions of the globe, some are tropical. 


C. General Floral formula—@ à P 


: 6-95 Gc; or (8) 
D. Floral range— The family Polygonaceae has rather wide range 


ged persistent bracteoles 
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E. Affinity and Systematic position—This family is allie 
members of the order Caryophyllales and also with thi 
»Urticaceae. Polygonaceae has taxonomic position ` 
nales—a natural monotypic order between Arist 
Caryophyllales by Engler and Rendle. Bentham and | 
it in Monochlamydeae very close to Chenopodiaceae. 


. A—Upper p 
3,3—Polygonum barbatum L. (Polygonaceae). Eun 
i beari ing inflorescence. B- Portion 0" single en 
D- Perianth spread oP, P rief diagram 


ants—Polygonum barbatum 


-piper L. ; Rumex | 
a hydro goon kept š 


F. Common pl 
iam R.Br.; 
mq ai Stuntz. (Syn 
6. peser ud rns 
eum emodi Wall. 1s 
(Bladder-dock) are used a 


eds or gr 
(Buck-wheat plant, Syn. F 


ol 
plant Po 
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some 7 issn. (Syn Coccoloba 
beckia platyclados Meissn. ( 

aw ean Ay Corculum leptopus are grown as 

Conil plants in gardens. 


bisexual, sometimes 
t erbs, shrubs or trees. Flowers 

EP ma e. Ark AA nni or haplochlamydous. Ovary superior, 
unilocular ; poeta central or basal, ovule campylotropous. 


3.5 Family AMARANTHACEAE 


Diagnost i i ikes. 
: Herbs or shrubs. Flowers bisexual in spi 
EM 2 dentem dry and scarious or hard and pointed. nt 
ge Hh stow Stamens 5, free or connate. Ovary l-chambered, 1-ovule j 
ovule campylotropous. Fruit a nutlet or utricle. 


z eral characters—Plants are annual or perennial herbs or 
Jes "we Deeringia—a climbing shrub). Leaves are pi 
opposite or alternate, exstipulate, usually entire. Inflorescence simple 
spike, head-like globose spike or cymose panicle, sometimes raceme. 

wers small, actinomorphic, hypogynous, haplochlamydous, 
bisexual, sometimes unisexual (the plants then polygamodioecious 
or strictly dioecious) with two persistent bracteoles and a membra- 
nous or scarious bract. Perianth uniseriate, 5, greenish, sepaloid, 


ase or free. Stamens 
sually connate partly 
may bear 
s between two stamens ; anthers 
sually 2, sometimes 3, connate ; 
e solitary, rarely several, basal or 
it one-seeded nutlet Or utricle, 


n about 800 Species, is 
d. 


C. General Floral formula... @ Š P 

D. Floral ran from normal bisexual 
haplochlamydous perianth with 3-cyclic arrangement. Amaranthus 

3 unisexual flowers : i are 2 with the same 
Usually anther js bilocular but in 
esina anther is unilocular. 


This family is allied to 

0 - Bentham and Hooker 

mily under Monochlamydeae in the Series Cutvembryeae 
henopodiaceae, Nyctagineae etc. 


trae, Resedaceae etc, a 
olygonales. 
on plants — Amaranthus Spinosus L. 
* (Syn. 4, gangeticus L.) ; Aer yg aspera 
A aspera L.) ; Alternanthera sessilis R. B 


: ; 4. viridis L.; 4. 
Preng (Syn. Achy. 


T. ; Celosia argentea 


>y 
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L.; Aerva sangui 
globosa L. MONA Bl.; Digera mes F 


G. Economic i 

aye importance— f 

medicinal plants. Some are Aerea E A Tanti 
garden 


D 

Fig. 3.4—Aerva aspera Spreng (Amaranthaceae). A- 
the plant bearing inflorescence. B—Flower in 1. s. 
D—Stamens split open with alternate 1 
F—Floral diagram. 


E—Gynoecium. 
Celosia cristata, C. argentea, Gomphrena globosa etc. 
some amaranths e.g. Amaranthus blitum L. var. 
caudatus L., A. tricolor L. etc. are used as vege les. - 


3.6 Family NYCTAGINACE/E 


A. Diagnostic characters : Flowers are 
inflorescence. Bracts sepaloid ; perianth petal 
of which is persistent and encloses the fruit 
llary, unilocular with single basal 
B. General characters—Plants 
dent) or trees. Leaves simple, 
exstipulate. Inflorescence cymose. 
Pisonia), actinome? 


h jnvolucre of bracts 4 


the b: 


` ete ee 
J — 
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uniseriate, petaloid, imbricate or twisted, contorted in bud, „connate 
in a funnel-shaped or tubular perigone—the base of which is persis- 
tent and encloses the fruit forming the so-called anthocarp. Stamens 
varies from 2 to 20 or more, usually 5 to 8 ; filaments connate basally 
ina tube, unequal; anthers 2-celled. Carpel one ; ovary superior, 
I-chambered, ovule 1, basal, anatropous or campylotropous ; style 1, 
slender, stigma 1. Fruit —indehiscent achene, usually enclosed by the 
persistent perianth base, Seeds with perisperm and curved embryo. 


This family contains about 28 genera with about 250 species, 
bes found both in tropical and subtropical regions of both 
pheres, 


C. General Floral formula (5 à P,,A,. ,,, G>; 

B. Floral range—Range in floral structure in this family is 
observed in the variation of the number of stamens mainly, rit in 
alapa the number of stamens varies from 5-30 or even less 

than 5. Pisonia has unisexual flower and monocarpellary pistil.9 
. E. Affinity and Systematic 
sister families of the order C 
. Polygonaceae. Systematic posit 


position—This family is allied to the 
entrospermae and to the family 
10n is same as in Amaranthaceae. 


Note 
YFG 
ZS 


ZX 
(ED 


ig. 3.5—Mi abilis ja vy » 
H Jalaj s i i twi 
F Fi l ae . A Portion ofa flowering g. 


lower in bud € O Wer part of t 
Tm Ee : Fruit, E—Seed in 1. s. F— Floral ASTE t 
. difusa T. : Bougan Us jalapa L. ; Boerhaavia re 
= "tViaea spectabilis Wild ; Pisonia aculeata L, a ; 
! + etc, 
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G. Economic im 
d : portance— Boerhai 3 
pian ; roots are diuretic, used as loxative au s Bi a 
ea spectabilis, Mirabilis jalapa ete. are mean 


garden plants. 


3.7 Comparison between Amaranthaceae and Nyc 


Amaranthaceae 
1. Herbs or shrubs. 


2. Leaves simple, alternate 
or opposite, exstipulate. 

3. Inflorescences simple 
spike, head-like globose spike or 
cymose panicle. 

4. Flowers with scarious 
bracts and bracteoles. 

5; _Perianth is of 5 greenish 
sepaloid scarious or membranous 
members, imbricate, connate at 
base or free. 


6. Stamens 5, opposite the 
perianth members, filaments 
mostly united in a cup or tube, 
sometimes with fimbriate scales 
between them. 

7. Carpels 2-3. 

8. Ovary superior, 
bered with one or rarely 
campylotropous ovule. 

9, Fruit one-seeded nutlet or 
utricle. 

Order Ranales : Herbs, 


to epigynous ; acyclic, 
elongated, short, 


]-cham- . 
several 


many fo one, 
3.8 Fami 
A. Diagnostic chara 


Jong petioled, peltate OF ) 
Perth leaves 6-many, di 


ly NYMPH/EACE/E 


change from sepals to petals, petal lame 


les on par! 
—Plants 
e (e.g. 


free or connate ; ovu 
B. General characters 
perrenial herbs. Stem caulin' 
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ic herbs 
cters: Aquatic pe 


petals to stamens placentas. i 
are aquatic annual ( 
Cabomba) oF usually 


bracts. EXT 

5. Perianth is of 
members, imbricate o 
contorted ; connate 
shaped or tubular p 
base of which is p 
encloses the fruit for 
carp. 

6. Stamens varies 
many, generally 5-8; 
unequal. 


7. Carpel one. 


8, Overy superior, | 
bered with one basal cam 
pous or anatropous ovule. — 

9. Fruit achene. ; 


shrubs or trees. Flowers generally di 
spirocyclic to clic, actinomorphic 
convex or 


torus, 
Thalamus ( ory ven free. Seeds with much endo 


cy 
concave. 
sperm, em! 


tamens 
Ed 


with 
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ing. Leaves alternate, simple, large, with long spongy 
Setiole (resale “in Cabomba), peltate or pseudopeltate, submerged 
(e.g. Nelumbo) or floating. Flowers solitary on long peduncle, large, 
showy, bisexual, actinomorphic, hypo- or epigynous, spirocyclic, rarely 
cyclic. Perianth members 6-many, differentiated into sepals and 
ls; sepals 3-6, imbricate, free ; petals 3-many, spirally arranged, 
is ; there is gradual transition from sepals to petals and petals to 
Stamens. Stamens 6-many, spiral on more or less long elongated, 
wide, cup-shaped thalamus (torus) ; the filament often extending 
as a sterile appendage beyond anther lobes, anthers 2-celled, 
introrse. Carpels 3-many, free or connate loosely, or sunk in spongy 
torus ; Ovary many-chambered, superior or inferior (e.g. Victoria and 
Euryale), ovules one to many on the inner walls of carpels, bitegmic ; 
placentation lamellate (superficial) or parictal ; style 1 or very indis- 
tinct ; stigma 1 and discoid or 5-many and often radiate. Fruit 
spon d aggregate of achenes (e.g. Nelumbo) or a follicle 
(e. bomba). Seeds arillate with both endosperm and perisperm ; 
embryo small, straight with fleshy cotyledons. 


The family consisting of 8 genera having 90 species is distributed 
all over the world 


€. General Floral formula— 
e $ K;-5 Os-x, As- Gs- or Gs-oc. 


D. Floral range —The family Nymphaeaceae has very wide range 


in floral structure ; based on floral range the famil has been divided 
into three subfamilies as follows :— i T ore 


Subfamily I. Cabomboideae —it comprises 2 genera e.g. Cabomba 


and Brasenia. Flowers cyclic. Sepals and petals are 3 in each whorl. 
Stamens 3 to numerous ; carpels 3 to several ; all free. 


A : 
‘Fig. 3.6—A Flower of Cabomba sp. B— Floral diagram of the same. 
- Subfamily IT, 
. genus Nelumbo i 


ë Nymphaeoi j i 
Nymphaea, Nupo;, ymphaeoideae—it consi 


sts of 5 
Euryale etc. Flowers a Deeg. 


re Spirocyclic ; carpels 
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are sometimes semiperigynous with tendency to 


Euryale. 
E. Affinity and S 
: ystematie positi 
imas d dus familly Ranunculaceae MN pen Na 
B the early primitive t y botanists have pl 
entham and Hooker also placed i Ranales near Rat 
under Series I Thalamiflorae s oe it in thet MM 


N 


N 


N 
hEN 


AY A 
f I ERN 
CE; 


G. Economic importance—Nymphaeaceae has very little 
importance. Majority are cultivated as ornamen ; 
are used in medicine e.g. Nuphar luteum. eeds of Æ 


roasted and eaten. ) 
3.9 Family RANUNCULACEAE ae 
radical or 


A. Diagnostic characters : Herbs. Leaves oe 
blades and sheathing bases. Flowers in cymose or TeC 
solitary, actinomorphic or zygomorphie Stamens Mn 
apocarpous, carpels few to many, unilocular, usually free, 1 
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B. General characters—Plants are generally perennial or annual 
herbs, occasionally shrubs or climbers (e.g. Clematis) or rarely woody 
trees (e.g. Paeonia). Leaves radical or cauline, alternate, very rarely 

te (e.g. Clematis, Ranunculus), simple, often compound (e.g. 

, Coptis etc.), shape of lamina variable from entire to decom- 
pound (palmilobed or palmatisect usually) with sheathing bases, 
exstipulate. Jnflorescence cymose or racemose, sometimes flowers 
«äre solitary. Flowers bisexual (except Thalictrum), regular (actino- 
morphic) or sometimes medianly zygomorphic (e.g. Delphinium), 
"hypogynous, spirocyclic, sometimes cyclic. Perianth either single 


Fig. 3.8 —Family Ranunculaceae showin 
F c g floral range. A— i 
poem sp. B— Floral diagram of Nigelia sp. CFI mn 
pus um SP + see zygomorphic flower, 5th odd Sepal is spurred i 
— Floral diagram of Adonis SP ; see 5 sepals, 8 honey leaves, ^ 


: ‘ Stamens numerous, carpels many and free, 
uniseriate) or double (biseriate), differenti i 
*w biseri ated into oute 
Resta, free and imbricate, the perianth is succeeded at 
nectaties ie. honey leaves ; the number of Détianth ve 
y may be variable in number ; sometimes 
inen Nectar secreting glands are 
: r many, spirally ins 
K. ae : “enor Ages E anthers pee Mq tbe 
united ton Mena T rarely reduced to one, free Often, ver 


red ; ovules 
a ered ; one 
ventral suture ; the sty natropous, the placentation parietal 


B 35 genera with about 


The family havi 
in 
to the temperate regions of the ae Species is mainly 


. confined 


` 
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C. General Floral formula—@ OKs, Os, A a 
o1 71 °% 


D. Floral range—Th; i 
ge—This family exhibits d; 
e e ung the number of ail the flora) sa 
arpy and syncarpy of carpels and also i i 

zygomorphy of flowers, though latter condition is bees e 
as found in Aconitum and Delphinium. In Aqui 
o ao to Kir C3 Astate onl OE G(,) ; the i 
- € inner series are modified to honey leaves (petaloid stri 
> Nigella, carpels are more or less united (exceptional cà 
Adonis 5 sepals are followed by 8-16 small petals and 
ie at pod free carpels. In Actaea the gynoe 

nocarpellary; Clematis has 4 petaloid 
carpels, petals are absent. š ES AAE 


E. Affinity and Systematic position— This famil x 
and relationship with families Berberridaceae, Masi a 
dicotyledons and also with the primitive families (A 
Hydrocharitaceae etc.) of monocotyledons. e 


. Many botanists have placed this family in the beginning of 
tive taxa due to occurrence of free carpels and acyclic or 
flowers under the order Ranales. Engler and Rendle do 
the family Ranunculaceae as primitive over the 
monochlamydous families, so they have placed Ranunc 
more advanced order Ranales after Centrospermae. Bei 
Hooker put it in their Thalamiflorae under the order Ranales. 

F. Common plants—Ranunculus sceleratus L. ; Clematis 
Roxb. ; Naravelia zeylanica DC. ; Nigella sativa L. ; Thaliet 
nicum Bl., etc. 

G. Economic importance— Few plants like Aconitum 
Anemone pulsatilla L., Cimicifuga racemosa Nutt. etc. are 
Some plants are ornamental e.g. Delphinium ajacis ka I 
Paeonia, Aquilegia, Clematis etc. The seeds of Nigella : 
(black cumin) are used as condiment and spice. 


3.10 Family MAGNOLIACEAE 


trees or shrubs. Flowers most 


A. Diagnostic characters : Woody trees. ý ^ 
trimerous, Perianth leaves are petaloid, alike, in whorled sen MERO 


irally arranged, free ; carpels numerous, sp! 
foros. Froit aggregate or berry. Em 
era] characters—Plants are ec. 

" Mess or shrubs. Leaves simple, alterne E : 
Scio often stipulate. Inflorescence solita ae r 
Flowers spirocyclic or acyclic, trimerous, be Pen 
(e.g. Drimys), solitary, arion Batis oe ated OF 

: floral axis ie. thalamu avers 
etl gine are often many (9 on mok 
series or spiral on elonsa E ME a d 

i id, free, or so in 
slike, coll. Stamens numerous, free, sp 
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"the lower part of the floral axis (androphore) ; anthers 2-celled, in-- 

 ftrorse. Carpels many, free, mostly spiral on floral _ axis, some- 

- times whorled ; ovary superior, l-chambered ; ovule solitary in each 

— earpel or more, placentation marginal; stigma 1, style 1. Fruit 

te of follicles or berries or winged nut or samara. Seeds 

B bundan oily and fleshy endosperm, often suspended from the 
follicle by an elongated funiculus ; embryo small. 


The family Magnoliaceae containing 10 genera with about 100 
species is distributed in the tropics and temperate parts of Asia, 
America and Australia. 


C. General Floral formula—p,. , A. M Goes TOT Key Cue A oc log « 


D. Floral range—This primitive dicot taxon Magnoliaceae has 
extreme zo em the family has been divided into 
three subfamilies such as:—(i) Magnolioideae, (ii) Zllicioideae and 
(iii) Sehizandroideae, Recently Illicioideae, Schizandroideae and 


Magnoliaceae have redivided into families M i 
Wate Illiciaceae and Schizandraceae. "di lage al 
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Subfamily I. Magnolioideae— 


Spirocyclic, 
maturity. 


Subfamily II. Z/licioideae — 


ed, remaining floral appendage 
Winteraceae) sepals are united, 


stamens and carpels are spirally 
decurrent (long pollen receiving 
E. Affinity and Systematic 


the family Annonaceae and other members of the order 
family is placed in the first position as it is conside 
in the angiosperm (dicot) in the natural phylogenetic c 
Engler and Rendle have given it more advanced 
after Amentiferae (Monochlamydeae). 


Common plants—Michelia champaca L. ; M. dolisopa 
Ham. ; Magnolia grandiflora L ; M. montana Bl. etc. J 
Economic importance—This family is not much it 


F. 


G. 
regarding economic importance. 


doltsopa (Syn. M. excelsa Bl. ex Wall) is of good quality. - i 
grandiflora, Michelia champaca, Liriodendron tulipifera i 
cultivated in gardens as ornamental plants. - 


3.11 Comparison of the families Nymphaeaceae and Magn: 


Nymphaeaceae 
1. Aquatic herbs. 
2. Leaves simple, long petioled, 
peltate or pseudopeltate. 
3. Flowers solitary on long 
peduncle, bisexual, hypogynous, 
actinomorphic. 
4. Perianth members 6-many, 
differentiated into sepals and 
petals ; sepals 3-6, imbricate, free ; 
petals 3-many, spirally arranged, 


free. s 
5. Stamens 6-many, spira 
arranged on elongated cup-shaped 
thalamus. 


rpels 3-many, free or con- 
sath Soasi? or sunk in torus 
(thalamus). Ovary many-cham- 
bered, superior or inferior. 
Ovules one to many. Placentation 
lamellate or parietal. 
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carpels free, but in Pachylarnax 


F i š 
(e.g. Drimys). Illicium has spirocydlc io WA NE ' 
s are spiral. In Zygogynu 
flowers more or less 
Subfamily III. Schizandroideae—Flowers uni 


Receptacle long, Flowers 
es 


arranged on long ecept 
surface). 


position —This family 


is re 


position an 


The timber obtained 


Magnoliaceae 2 
1. Woody trees or shrut 
2. Leaves simple, all 
stipulate. 
3. Flowers sol 
rarely unisexual, 
actinomorphic. a 
4, Perianth mem 
many in several-whorled 
spiral on long torus, 
differentiated into - 
corolla. N 
5. Stamens many, free, jp 


arranged on th 


6. Carpels m 
spiral on torus, some’ 
v Ovary superior 
ovule solitary in 
placentation ma 


" 
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Magnoliaceae 
Ë Nymphaeaceae ; Um 
i spongy aggre- 7. Fruit aggregate of follicles 
I kan posu or berries or winged nut. d 
— & Seeds acillate with endos- 8. Seeds with abundant oily 
perm and perisperm. endosperm. 


Order Rhoeadales: Herbs, shrubs or trees. Flowers bisexual, hypogynous, 


usually inomorph 1 i 7 . Carpels 2 or 
acti; ic, rarely zygomorphic, cyclic. Perianth four. 
- more, united, Placentation parietal. 


3.12 Family CRUCIFERAE 


Diagnostic characters: Annual, biennial or perennial herbs with watery 
te exstipulate, simple, entire, lyrate. Flowers bisexual and actinomorphic 
in racemes. Mas 4(2+2), petals 4, placed diagonall 

coro! 


y in - form of a cross 
(cruciform a). Stamens 6 (22-4), tetradynamous. Carpels 2, united in a 
superior one-chambered 


Ovary. Placentation parietal, Fruit usually a siliqua. 

B. General characters—Plants are annual, biennial or perennial 
herbs, rarely undershrubs with watery sap 

coverings. Leaves radical or cauline, alternat 


) e, simple, exstipulate, 
Or with variously incised margins ( i 


is), hypogynous, ebracteate 


p Poir $ s outer 2 median 
i » Caducous. Petals 4, usua ly clawed, laced 
nally in the form of a cross (cruciform corolla) in one ST 


the outer 2 shorter 


ansverse plane 
né ; sometimes 


o c. General Floral for 


. x ju 3 mula—@ Š Kites), Cy, Ae(g 1.4), Gc) 
a 'e—. . . ` . wy 
in this aan tent x Some deviation In the 

i are present in Iberis (ys jt eel EE 
Peta are a Sent, in Megacarpaeg stamens rr 


z es. 
er Parietales after Rana = nam and Hooker 
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F. Common : 
« plants— Brassi. Czern n 
E ed dichotoma Watt alio] Ch 
th. lan rape or Toria); i och (K 
HM L. ; Eruca sativa Wei E 
ochr. (Syn. Nastartium indicum (L.) DC.) etc. [ 


Fig. 3.10— Brassica nigra Koch (Cruciferae). A—Portion ofa 


B—Flower. C—Flower showing tetradynamous 
D—Fruit. B—Fruit showing dehiscence. F—' 
G-—Floral diagram. 


G, Economic importance—This family is 
economic aspects. Brassica oleracea var. capitata 
B. oleracea var. botrytis (cauliflower), Raphanus sati 
etc. are used as vegetables. Various varieties of Bras: 
yield mustard oil. Some are used as ornamental plants s 
(candytuft), Cheiranthus (wall flowers) ete. 


3.13 Family CAPPARIDACEAE ; 
A. Diagnostic characters : Herbs, often with gle 
rphic. 


actinomorphic, very rarely slightly zygomo: 
is often Present: Petals 4 to numerous. Stamens definite (few) B 


B. General chatacters Flani 5 3 herl ) 
small trees (e.g- Crataeva) or c imbers (e.g. Cappa 
simple or palmately compound, with or withou 
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 usuall i bisexual, 

Í may be solitary. Flowers ie 

1 NEU rarely cypomorphic, hypogynous, cyc 
te. 


orolla and 
i s of the thalamus between c A 

E Ee and gynoecium elongate to 
io oo and gynophore respectively. 


‘ ; ; 4, rarely 
usually , imbricate in 2 whorls. Petals : 
absent, pu and free. Owing to hooded econ 
or sepals flowers in some Cases become slightly zygomorphic. 
5 4 to numerous, free, 
- 4 they alternate with 
; anthers 2-4 celled, fila- 
long. Carpels usually 2, 
more, united; ovary 
l-chambered, sometimes 
2-chambered by the formation of 
a ; Placentation parietal ; 
' o g ade and campylo- 
; style 1, short to filiform 
elongate, the stigma usually 
Or capitate. Fruit various 
m € E cune, boriy, Fig. 3.11 A—Flower of Capparis 


I Spinosa L. (Capparidaceae). B—Floral 
Sperm absent or very scanty ; diagram of Capparis spinosa. 


This family, Consisting of about 46 genera and 700 Species, distri- 
in tropical, sub-tropical and war 


m-temperate zones in both the 


. General Floral formula—@ S K any 


C,, As- , Gu. 
^ Floral Tange— Variation fr 


ens into 
um and Emblingia also, the flowers are 
Boscia petals are absent. 
matic position —Capparidaceae 18 closely 
apaveracez, Systemati 


mon Plants— Polanisia viscosa L, (S 
. (Syn 
ome gynandra E (Syn. Gynandro iq) 
n psis nand, š 
aT. Crataeva nurvala Buch.-Ham. (Syn. C. reis 
t importance The family i i ic i 
nurvala is medicinal. tho DEM yen ME 


ark i 
85 ornamenta] plant. P^ rte This 
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3.14 Comparison between Cruciferae and Ca 


: Cruciferae Cap, aci 
: d 1, Herbs, shrubs or t 
7 zaves exstipulate, radicalor 2 ° 
uline, simple, ` 
(lyrate). 5 Ee 
3. Flowers without bract 
ebracteate. mec phore, and 
d ; gynophore j 
4. corte cruciform—petals 4, Corolla never ç 
our. petals four. 
5 Br 6 (2--4)—tetradyna- 5. 
ous. i 
6. Fruit siliqua. 6. Fruit i 
samara, berry, 
7. Endosperm absent. 1E Endosperm SORA f 


Order Rosales: Flowers bisexual, usually 

a E perigynous, 2 

or zygomorphic. Stamens are usually nu rimes 

shrubs or trees with simple or COMPA eaves free - 
3.15 Family ROSACEAE 


A. Diagnostic characters : Herbs, shrubs or trees. Leaves 
pound, stipulate (mostly adnate type). Flowers generally regular. 
odd 5th sepal is posterior. Petals 5 or more, inserted on rec 
hypanthium. Stamens indefinite. Carpel 1-may, free or coi 
superior or semi-inferior. 

B. General characters—Plants are scandent herbs, € 
climbing shrubs or trees, often prickly. Leaves alternate, 

stipulate (mostly adnate). 


free, inserted on the tim of the receptacular cup (| jy panthium). 
erous inl to several whorls of 5 stan 


ndefinite i.e. num S 
definite (the number is 


in Chrysobalanus) ; the anthers small, 2-celled, d 
Jateral. Carpel 1-many, free or connate frequen 
receptacle ; ovary icis or pee 1 A 2- 
one or more in each carpel, pendulous or 

dorsal raphe ; pl Fruit aggregate 


acentation axile. 
ies, or simple drupe, or berry-like, or pseudocarp. 
Sigopero F SADO with fleshy cotyledons, plano-con 


free, sometimes 


north tempera 


This family with 115 genera and about 3,200 sp 
of pori er A in almost all over the earth, but 
te regions of the globe. 
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I la— 
€. General Floral formu . 
arr 0, or oc » Ac , G, < or ) 


D. Floral range—The entire family 1S divided into six subfamilies 


halamus is more 
— receptacle ort U^ 
er (co waqin or convex el gae DAD = 
carpels, inl number, situated in the cen TÉ un 
3 | Exa sion sp., found in eastern Him: y 
10to many. Exam 


i ve; 
` Subfam — thalamus is deeply conca 
A MEE usas oa to the Ed Pattee 
~ ly the flowers are epig mS i 
t more. =a saa (apple). The fruit is pome 


ily IV, NEURADODEAE—Thalamus is cup-shaped and 
Bord fruit. Carpels 5 to 10, united, Example—Neurada 
umben, dian desert, 


s is moderately cup-sh 


aped, 
> Stamens 10, 20 or 


many ; 


regular : carpe} 
Ing a spurred tube. - 

er tamens 10 to 15 
This Plant has 


sition. R oso cem 


is related to the 

Is pr €, rather Primitive taxon 
der Ro ales just before amentiferoux 

les et fter Sarraceniales Engler 
es Rosales after Sa aceniales, It js 
Okers 11 h order Osales, the first in the Calyci. 
Rosa Timitive Position hi 
Tanalian ancest, nd there re he pi 


centifolia L, 
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G. Economie et 
im Amportance—R ^ 
prb Vue d frais. Malis 0 s 
yields pear. Strawberry is pues Dee "ra 


Fig. 3.12—Rosaceae. _A—Flower of Spire Bieb. n. 
B—Floral diagram of the same. C— Flower aL a esti 

(Apple). D—Flower of Fragaria vesca L. (Strawberry) 

E—Flower of Prunus myrtellina Poir. in ]. s. F—Diagi 

_ the same. G—Flower of Acioa guianensis Aubl. in 


apricot and peach are obtained from Prunus armeniaca 
respectively. Black berry is obtained from Rubus fruitico 
is obtained from Prunus aviun L. ; Eriobotrya japonica 
fruit. Several species of Rosa and their hybrids are 


favourite garden plants. 
3.16 Family LEGUMINOSAE 


A. Diagnostic characters : Herbs, shrubs or trees, 


Leaves usually compound, stipulate. Flowers Jateral, bi 
odd sepal is anterior, Ovary 1-chambered with 


legume or lomentum. s 
B. General characters—Plants are herbs, shru 
rostrate and climbing) or trees. Leaves mostly alte 
(pinnately or sometimes palmately compound), or 
suppression of leaflets, stipulate, often with swel 


base called pulvinus. 
Inflorescence almost alway 
are solitary. Flowers bisexua 
nomorphic, hypogynous or S 
the odd sepal is anterior), rare 
irregular calyx tube, imbricate usually, 
rarely less, free, imbricate or vexillary, 


definite (usually 10) or in r 
diadelphous or monadelphous). Carpel is al 
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i inal, ovules several, 

rior d ; placentation margi Ui a 
' 1 c eet Along the esl antare: Seeds 

EE ois. dehiscing by both sutures. 

p nme cotyledons , y 

minous ; a e ; e 0 genera with over 13,000 species, 
qe atbaghogt all parts of the world. 


amily I. Mimosoideæ (Mimosae)— Leaves usually bipinnate. 

regular (actinomorphic), hypogynous, tetramerous (rarely 

Us) in dense 8lobose head like spikes or Simple Spikes, 
' are valvate i i 


Ace Or 10 oy eG, 
deae (Caesalpinieae) 1 eaves usually 
Flowers Slightly irregular i.e. medianly 


+ Caesalpinio; 
 Sipinnate, 


, 
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zygomorphic, sub-perigynous in racemes or pani 
Sepals 5 (occasionally two ; Posterolateral), usual! 
free, imbricate. Petals 5, free, imbricate in aestiy 
petal is posterior, smallest and innermost. Stam 
by abortion, free or rarely slightly united. ` 
times stalked. , 


This subfamily contains about 135 genera. 
General Floral formula—.|. Š Ks) or 5, Os, i 


| i . A-L 
Fig. 3.14— Crotalaria juncea L. (Papilionatae) Eu 


i odules. B— ; 
Lee showing ip E-— Stamens. r—EFruit. oT 


stamen. ^d Floral diagram. I— nce 


Subfamily II. Papilionatae—Leaves gene! 


or 
Flowers rA irregular (2780 or) always. 
wer ; " 

rue cali. Petals 5, vexillary (imbri 
Pie the odd 5th petal pee 
ili lateral ne. 

apilionaceous, 2 et 

2 petals are slightly ae e) 


are 10, usually diadelph' +1, > 


A A 
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- ‘Ovary superior or distinctly semi-inferior, stalked. Papilio- 
„Batse contains 375 genera. 


| General Floral formula— .|- 2 Kis), Cs, A(5)41 or (10) Gi 
P D. Floral range—See the floral characters under each subfamilies. 


E. Affinity and Systematic position—Leguminosae Ís closely 
to the family Rosaceae. All taxonomists except Hutchinson 
placed nosse under the order Rosales. Hutchinson has 


the Leguminosae under separate order Leguminales 
after Ranales under Lignosae. s 


F. Common plants under 


Ls MIMOSOIDEAE—Mimosa pudi ; 
[ i pudica L. ; Acacia auriculi- 
feriis Se Acacia suma Buch.-Ham. ; Entada pursaetha DC. ; 


f ; iJe, (Jacq.) Merr. ; Inga dulcis Willd. (Syn. Pithecolobium 


3esalpinioig 
CL. of flower, D A— Portio 
*8. of Ovary, —Sta E 
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IL Subfamily CAESALPINIOIDEAE— Cassii £, 
L. ; C. tora L. ; Delonix regia Raf. ; Caesalpinia. ule 
Bauhinia purpurea L. ; B. acuminata L. ; Tamarindus in 


III. Subfamily PAPILIONATAE—Butea monosp 
Desmodium gyrans DC.; Pongamia pinnata (L ) Pie r 
purpurea Pers.; Aeschynomene aspera L.; Dalbe 
Indigofera tinctoria L, ; Abrus pricatorius L. ; Clito 


G. Economic importance of the subfamilies 


1. MIMOSOIDEAE—Acacia catechu yields gum, 
betel leaf—this gum is known as ‘Khair’. Acacia 
A. arabica Willd) yields gum acacia or gum arab 
adhesive. Albezia lebbeck is a timber-yielding plant. 
Xylia xylocarpa Taub. (Syn. X. dolabriformis Benth.) is t 
truction work, railway sleepers, ship-building, bridges te 


jg. 3.16— Caesalpinia pulcherrima SW. (Cae: sa 


Fig ia puie r 
— i f flowering twig. B- lower. 
Ae of single stamen. E—Ovary in t. s. 


2. CAESALPINIOIDEAE—Saraca 


i —t 
eer duret of women. Hane vies: 
ecd di aenn d sd for the prepe 
fruit, tho to ghinia spp. are ornamental graden P 
— Most of the pulses sa tair 
plants of this subfamily. dnd E Gram 
sativum L. (Garden Pea, E Ha (Black d 


Mung), C4 


jjanus C: 
Dolichos lablab 
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» P. vulgaris L., Vigna sinensis Savi ex Hassk. etc. yield fruits 
a! table: B. is obtained from Glycine max Merr. 
lari juncea L. and Sesbania cannabina Pers. are fibre-yielding 
s. Dalbergia sisso Roxb. yields good timber. Ground nut oil is 
lined from the seeds of Arachis hypogaea L. Red sandal wood is 
ed from Pterocarpus santalinus L.f. Indigofera tinctoria L. is the 
of dye indigo (‘nil’). ‘Shola’ of commerce is obtained from 
aspera L. The seeds of Abrus precatorius L. are 
weights by goldsmiths and also as beads for necklaces. 


+ Herbs, woody shrubs or trees with alternate, compound or 
exstipulate leaves, Flowers bisexual or unisexual rarely, De 
ous; hypogynous discis present sometimes. Stamens obdiplos- 
Oil glands present frequently, Ovary 3to 5-chambered with axile 


gat 


: Annual herbs with fleshy stems. Leaves generally 


ual, typically pentamerous. Stamens usually 10 
series, ous. Fruit capsule dehiscin Septicidally into d 
1 to 2 or many-sedded beaked parts, Seeds nonendospermic, Y T 


B. General characters—P] 
rubs, very rarely shrubs ; often with fleshy 
Opposite, stipulate, 


ants are mostly annual herbs or uuder- 


stems, Leaves alternate, 
compound, sometim 


es simple (then 


NU Geranium ocellatum 


- A—Flower- 

Mr om inl. s. C— 
SI wing curved 
Seeds. D—Floral 


^ 
TP s 


cised or lobed), 


“sc Venation most 
s ioa flowers solitary or bu Pas "Flo eed oFescehce 


wers bisexual, 


1080 subni SAB 


actinomorphic, rarely zygomorphic 

ni Mir generally 5, Tately Ae (e.g. 

na), tree usually, rarely connate, imbri i 
rior sepal sometimes spurred. Petals Dee en tisaq eie 
fisted; free, nectar glands usually alternating with the 

tamens 10 in two whorls, obdiplostemonous, outer stamens i 
than inner, rarely stamens are 15 in 3 whorls, all fertile or some 
are sterile, sometimes stamens are 2-9 or 7 only due to abortion: 
filaments are united at the base, rarely free; anthers 2-celled, 
lous with small connectives. Carpels 3-5, rarely 8 (e. 
or 2-3, united ; ovary superior, beaked at the apex, 35 
ovules 1-2 in each chamber, pendulous, placentation axile; 
3-5, slender (beak-like) ; stigmas of same number, ligulate. 
capsule, dehiscing into as many 1 to 2 or many-sedded beaked 
or 'mericarps'; each part is twisted or rolled. Seeds 
wee rd or endosperm scanty (e.g. Biebersteinia), embryos mostly 
curved, s 

Family Geraniaceae contains 11 genera and about 850 species 

widely distributed in the temperate and subtropical regions of the 
northern and southern hemispheres. 


C. General Floral formula— 
$K, or 4-8» Cs or a-8 Aso(s5)» Gis_5) 


D. Common plants—Geranium nepalense Sw., a common herb 
Camb., species of Pelargonium ete. 


found in E. India ; G. ocellatum 
f little economic 
odium etc. are 


E. Economic Importance—This family. is of 
importance. Species of Pelargonium, Geranium, 
cultivated in gardens for their showy coloured flowers. French rose 
oil or otto is obtained from Pelargonium odoratissimum Ait. 


3.18 Family RUTACEAE 
: Shrubs or trees, rarely herbs. Leaves 
otted, exstipulate. Perianth ener 1 


i i or double 
i nous disc are present. Stamens isomerous, ^ro united i 
pa leavin: obdiplostemonous, free or variously united. Carpels united 


i i lar, baccate or a drupe. 3 
many genera, Ovary superior. Fruit capsular, 
B. General characters—Plants are usually ber r^ erri 
herbs, often with heath-like i.e. thors h A m 
alternate or opposite, simple or comp paimi sly or an 


i i ced to spines; 
exstipulate, sometimes redu Lande which appear as 


are beset with lysigenous oil ; ier 
Inflorescence usually cymose, some Eon : 
Flowers bisexual, rarely unisexual (e.g. oon Nou mes 
actinomorphic, rarely slightly zygomorp a i a 
or connate, glandular, imbricate. Petals SERI Le eric 4 
free, rarely connate ( e.g Cd Eug 
obdiplostemonous (the stamens O oe in norm 
petals, not opposite the sepals b o J 
tamens numerous (e.g. Citrus, egel), 


A, Diagnostic characters 
compound, generally gland di 
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; (polyadelphous) ; anthers 2-celled, introrse. Annular 
ES nee dine the stamens and ovary. Carpels 
or 1, or many, often free at the base and united 
lary superior, 4 to 5 or 3, or multi-chambered ; ovules with 
anatropous, 1-2 or more in each ovary chamber 3 style 
capitate. Fruit a leathery-rind berry (hesperidium or 
), capsular or schizocarpic capsule, Seeds with a large 
ved embryo, endosperm present and fleshy, or absent. 


Rutaceae comprises 140 genera with about 1,300 species, 
the tropical and temperate regions of the world. 


ral Floral formula— 


K, or 6» C, or 6» As or 109 Guy or (5) 


range—The variation from typical floral type having 
s» G(s) arises from the reduction or suppression of the 
S stamens or a tendency to zygomorphy of the flowers 
| the union of petals. In Citrus the stamens are polyadel- 
n Ruta the terminal flower is 5-merous, the lateral ones are 
3 flowers of Dictamnus and Galipea are more or less 

i Flowers of Xanthoxylum (Zanthoxylum), Empleurum 
» flowers of Correa and Ticorea have gamopetalous 


and carpels 
-Floral diagram; 


1082 STUDIES IN BOTANY Ami 3 


E. Affinity and Systematic position—This famil; 
Anacardiaceae and Meliaceae. Rutaceae is also 
aceae, Yi 


Different systematic position has been ascrit 
authors. Bentham and Hooker, due to the u 
disc, placed the family in the 7th order Geraniales 1 
Rendle and others placed it under Rutales me 
Engler placed it under his 23rd order Geraniales 
ceae. Hutchinson placed it under Rutales ne 
division Lignosae of dicotyledons. 


: tium L.—Ruta 
lata Blanco (S howing disc (d). 
Fig. 3.19— Citrus reticula oo oecit ‘Floral diag 


— Flower in 1. 8. 
ing twig. Bo es. glands 


limonia LT ’marmelos or 
budranga L. and various speci 
G. Economic importance -Rai 
econo ic importance suc : 
aon and C. sine pe 
; VU imo 
o f, Y. aurantifolia Swing 
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te. C e is obtained from Aegle marmelos Corr. Timber 
sati E i d from Chloroxylon swietenia DC. which is used 
or cabinet work and furniture. Pélocarpus pinnatifolius Lamk. is the 

oe of jaborandi oil. The leaves of Murraya koenigii Spreng. 
caf tree) are used for flavouring curries. 


8 Family EUPHORBIACEAE 


= A. Diagnostic characters: Plants with milky or watery latex. Flowers 
unisexual, perianth of single whorl, rarely diplochlamydous. Inflorescences various 
ne or cyathium. Gynoecium of three carpels. Ovary superior, 
menambered, each containing 1 or 2 pendulous ovules with ventral raphe. Fruit 
sehizocarpic capsule, sometimes drupe or berry. Seeds albuminous, carunculate. 


B. General eharacters—Plants are monoecious or occasionally 
dioecious Shrubs or trees, rarely climbers (e.g. Tragia, 


Sep Qrbisceae), ^— Portion Of a flowerin 
o Kis e. a Female (Pistillate) x 
f a female flower, me 
Mery latex. Leay 
d. simple, "et. a es mostly alternate 


ire Or var ; 
PP-), usually Stipulate (often redu ed: 
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Inflorescence various types such as simple ri 
:cymose panicle or head-like clusters or cyathium. ` 


Flowers minute, unisexual, incomplete, actinon 
or rarely slightly zygomorphic (irregular). Perian 
5 in number, sepaloid, much reduced, sometimes abs 
are naked), sometimes perianth is differentiated into 
inner corolla (the number of which varies from 3 to: 
or partially connate, imbricate or valvate. 


Stamens in male flowers vary from one i 
numerous, they are disposed variously, either free | 
filaments into one bundle (monadelphous) or into 
(polyadelphous) as in Ricinus, Lassiococca and 
2-celled ; intrastaminal disc usually present, pistilto 

Carpels in female flowers usually 3, rarely 2 or more, 
superior, 3-chambered, placentation axile ; the num 
each chamber of ovary is either 2 or 1, ovules | 
ventral raphe; styles 3, distinct or basally 

2.lobed ; stigmas 3 or 6 and linear or bro: adi 
dissected into filiform segments. Fruit is usually 


` Bai Ag 
Jandianum Baill. e d : 
321 Cro prtion of a plant bearing ion n 
flower. £D-T. s. of ovary. A : 


T "Floral diagram of à 
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“B-valved cocci i 1 ds with 

N i ly berry or drupe as in Emblica. See 

.. €opious fleshy to eoft-fleshy d ospern, usually carunculate ; embryo 
straight or curved. 


M sae . * 3 
; biaceæ is one of the largest families, consisting of 28 
E about more than 7,300 species, mainly confined to the 
_ tropics of both the hemispheres. 
*. 


€. General Floral formula— 
(1) Male flower— Co Pacs Ai. 
(2) Female flower— @ó P,.,, Gis) or more 


- D. Floral range—This family has very wide floral range ; the 
variations occur in each floral appendage. Only constant character 
is unisexuality and usual 3-carpellary gynoecium in pistillate i.e. 
female flowers ; the number of carpels also varies e.g. in Glochidion 
carpels may be upto 15, some Species of PAyllanthus have more than 
3 carpels. The variation in number of stamens ranges from 1 to 
several hundred, e.g. in Euphorbia male flower has only 1 stamen, 
in Trewia the male flower has about over 200 stamens. Perianth is 
wanting in Euphorbia and Pedilanthus ; in Wielandia, Jatropha etc. 
perianth is double, differentiated 


à into pentamerous calyx and 
corolla ; in the former the flower is typically pentamerous. 5 


Fig. 3,22—Acal ha i 
ofa flowering twig. B AL: 1 


(Euphorbiaceae), 
—Female flower, ESTA, otonle flower, 


A—Portion. 


1 
d STUDIES IN BOTANY 


E. ` Affinity and S i tion— 

j ystematic i : 

ana He the members of the order. ME coe 

ee 1 to the members of the orders Geratigha Re 

phe iacee has been placed by Bentham and Hoo i 

ER vi petore Urticaceæ under M St 
ve put it after Malvales in th hichlamy 

to Sterculiaceae). Engler puse 

. placed i 
Matang Hutchinson considered the family a 
and placed it under Euphorbiales near Gerh el 


F. Common plants—Croton bi ianum | 

f onplandi Baill. 
ciflorum Morr.) ; Acalypha indica L. " A. hispida Burm. 
phora rottleri Klotz. (Syn. C. plicata A. Juss.) ; Phyllé 


Fig. 3.23— Chrozophora rottleri Klotz. (Euphorbiaceae). A—Po! 

of a flowering twig. B —Male flower. C— Male flower split 0| 
D— Female flower. E—Fruit. * 

Retz. ; Phyllanthus fraternus Webster ; Euphorbia hirta L. 

S E. microphylla Heyne ex i 

Grah.); J 


pulcherrima Willd (Syn. 
L. ; Kirganelia reticulata B 


p 


ossypifolia L. ; 
goroni . Gelonium multiflorum A. Juss. : 
Roxb. ; Bischofia javanica BI. ; Putranjiva roxburghii 


nudiflora L. ; Ricinus com : 


> |! 


(ceara or Man 
communis L. castor ot 
ields fruit of m 
esculenta Crantz 8 
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| tained from Aleurites fordii Hemsl., A. moluccana 

ent dioe Forst.), Sapium sebiferum Roxb. etc., are pom 

the manufacture of paints and varnishes. Some plants like 

Worbia pulcherrima, Jatropha multifida, Codiaeum, variegatum Bl., 

pha hispida Burm. f. etc. are used as ornamental garden plants. 
fruits (lotka) of Baccauria sapida Muell.-Arg. are edible. 

' Order Sapindales Shrubs or trees, Flowers bisexual generally, regular or 


mous. Hypogynous disc is present. Stamens diplostemonous, oil 
2 vule pendulous with dorsal raphe. Endosperm absent. 


3.20 Family ANACARDIACEAE 


— . A. Diagnostic characters : Woody trees or shrubs, often with resin passages. 
- Intrastaminal cupular disc is present. Fertile stamen often reduced to one, Ovary 
2 Fruit drupe-like. 


B. General characters—Plants are woody trees or shrubs with 

a ; us resin, gum passages and cells. Leaves alternate (opposite 
in ned), simple or compound (pinnate), exstipulate. Inflores- 
cence terminal or axillary cymose panicles. Flowers small, actino- 
morphic (regular), bisexual or unisexual by reduction (e.g. Odina) 
and hypogynous with usually cupular hypogynous and intrastaminal 
rarely extrastaminal disc is present, Sepals 3-5, Tarely more 
ee or may be partially united, imbricate. Petals as many as sepals 
3-5 or more, or petals may be absent sometimes, free or rarely 


united, imbricate, 


Is, i 
ewer, often reduced to one (e.g. Mangifera deri s More ar 
Carpels 15 
= -5, united ; ovary su erior, 1 
peach chamber, pendulous or eee ) 
as carpels, i 
Š "x Permous with curved embryo. mesocarp. Seeds 
" Bote" 73 with 600 Species, distributed mai 


nly in tropics of 


IS present ; carpels in 
Yule is present, ° Buchanania has all 
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under Disciflorae n 
Sapindales near Ru P E tasas, Hutchinson also placed 


F. Common pl 
i ( _ Plants—Mangi, indi 
ale L.; Spondias pinnata M peer n 


Fig. 3.24—Mangifera indica L. (Anacard' 
twig. B—Flower. C—Flower in 1. s, 
F.—Fruit in 1. s. F—Floral ë 


Buchanania lanzan Spreng. (Syn. B. latifolia Roxb.) ; 
anacardium L. f. ete. d 


riced edible seeds. Mang 
Fruits of Spondias pinnata Kurz, (hogplum) 
The young leaves of t e tree Lannea coro 
grandis Engl. and 
obtained from the stem-bark o 
and asa mucilage for m a 
Order Malvales : Herbs. shrubs or trees with stipula! 
exual, rarely un. l 
ray oe ir pa mee 


muci 
Perla Pei, polyadelphous or frt. 
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$21 Family TILIACEZ 


A. Diagnostic characters: Stem fibrous and mucilaginous. Inflorescence is 

cymose. Flowers bisexual. Stamens with tendency of connation by fila- 
"ments or connate at base only or free clustered ; anther cells are two i.e. bi-lobed. 
Fruit indehiscent or dehiscent. 


Fig. 3.25— 
Moor. morphorus capsularis L. (Tiliaceae).. A—Portion of a flowering 
» S. of a flower. C—Single stamen. D—L.s. of a seed. 
x E—Floral diagram. 
herbs General characters —P. 


lants are woody t 
mpc’ Corchorus) wit y trees or shrubs, rarely 


h mucilagi d h 
PR. : ginous and hairy stems. Leaves 
t mitos nue or dentate or lobed margins, often oblique, 
Tphic (regul ence cymose or cymose panicle. Flowers acti- 
5, free or En bisexual, rarely unisexual, hypogynous. Sepals 
glandular $t E connate, valvate. Petals 5, free, imbricate, often 
sometimes 5 54 ° rarely petals absent. Stamens usually many 
cach, generally inset free or connate at base or in fascicles of 5-10 
above by I ed at the base of the corolla, but sometimes 
ophore) ; anti € elongation of the internode of the thalamus 
times several or 2 er always two-celled. Carpels usually 5-10, some- 
many in each Ud ; Ovary superior, 2 to 10-chambered : ovule 
Eis ovat unb chamber, anatropous; style 1, stigmas as 
y chambers. Fruit capsular or berry-like. Seeds 


ous ; embr 5 S I 
69—(sol, D yo with straight and leaf-like large cotyledons, 
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The family wi 
fined in the deo 41 genera anda 


C. General Floral formula- Hő 


D. Floral ran 

; ge—This fami 

ne i-e pentamerous on = 
ived from inner series e.g. Browal e 


(ee E. Affinity and S 
ystematie posil 
pee to Malvaceae and Sterculi cedi 
: s z member of Malvales, the so-c8 
ccording to Engler it is under 2 


Fig. 3.26— Grewia asiatica L. (Tiliaceae), 1 
B—Flower. C—Flower after removal of all 


D —Ovary in t. 8. E—Single petal 


jetales. Bentham al 
taxon o amif 
otypic order Tiliales b 
F. Common plants—Corchorus caps 
Microcos paniculata L. (Syn. Grewia mici 

alis DC. (Syn. G. asiatica Masters ni 
Triumfetta rhomboidea ti 
bartramia L.) ; Elaeocarp 
Benth ; Muntingia callabura L. 

G. Economic importance—T 
plants are Corchorus capsularis and C 


Rhamnales and Par 
Malvales—the last 
Tiliaceae under mon 
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commerce. To vulgaris L. (lime tree) and T. americana L. (bass- 
“a tree — t Edible fruit is obtained from Grewia 
aristi L. ). 


322 Family MALVACEAE 
Vharacters : Herbs or shrubs, often mucilaginous and with 
Sa yours part. Stipules are free-lateral type. Sepals often with 
bisexual Petals generally twisted. Stamens monadelphous, 
& distinct staminal columo. Anther cell one i.e. anther one-lobed. 
capsular. Embryo curved. 


B. General characters—Plants are herbs, shrubs or trees with 
sap; often with woody fibrous stems, and stellate and 


(scaly) hairs. Leaves simple, alternate, entire or variously 
Margins, mostly palminerved and Stipulate (free-lateral type). 
I f basically cymes of cincinni but often solitary axillary, 


showing dehiscence of anth " lobe, asl 
n 
H—Gynecium, J Floral diagram 2e 


a racemose. ped &ctinomorphic (regular) 
u by an involucre a dius xt dte, valvate imes 
epica {absent in Sida, Abutilon ete). OT Connate bracts” called 
» Ab -. Petal © 

brica adnate to staminal column at the >; free from on 


ba 
us że, united by the aated or 
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into a single bundle; anther always one-celled (ie. o 
reniform, transversely attached to the filament, pollen grair 
and with spiny exine. Carpels 1-many (usually 5-10), unite 
superior, 1-many chambered (usually 5-10 chambered), oy 
more in each ovary chamber, pendulous, placentation ¢ 
capsule or schizocarpic capsule, very rarely berry (e. 
Seeds reniform, pubescent or comose (e.g. Gossypiur 
with curved embryo and folded cotyledons, 


There are 82 genera with above 1,500 species having bot 
and temperate distribution. ; 


€. General Floral formula—(D $ K(s-5), Os, Ag 


D. Floralrange—The family Malvaceae has no 
floral range except in the constancy of number of epica 
number of carpels and their arrangement. In Althea 


J. A--Portion of 
lia L. (Malvace®).. t. stamen. B—G) 
Fig. 3.28—Sida € of a flower. Le H—Floral 


B—Flow>" Fruit, G—T:s. of ovi 


the epicalyx 
in Sida and Abutilon 5o 


: ]ly 5, but 
sament. In Malope, carpe 


epicalyx js many, 
number of 
with whorled arran 
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above the other. The staminal tube may be large exerted or 
small included, in Kydia stamens are 15, carpels 2-3. The flowers of 
Napaea (dioecious plants) are unisexual. 


E. Affinity and Systematic position—This family is closely 
allied to other members of the order Malvales. Systematic position 
as in Tiliaceae. Hutchinson placed this family under the order 
Malvales after Tiliales. 


F. Common plants—ibiscus rosa-sinensis L. ; Gossypium herba- 
ceum L. ; Abelmoschus esculentus Moench (Syn. Hibiscus esculentus 
L); Abutilon indicum Don. ; Sida cordifolia L. ; S. rhombifolia L. ; 
S. alba L. (Syn. S. spinosa L.) ; Malachra capitata L. ; Thespesia 
populnea (L.) Soland. ex Corr. ; Hibiscus mutabilis L., etc. 


ons leafy. "^ bilobed. Ovary 5-chambered ; 


B. General characters— Plants are herb 
climbers (e.g. Ayenia) with stellate hair A ur or pra a 


= S, fibrous stems a i 
simple, entire or i nd mucilage 


lobed, or compound, stipulate (free-lateral shu ot eg palmately 


y zygomorphic, bisexual 
Heritiera etc), hypogynous ¿ud a l 


in two whorls, those of oute: 
to staminodes, or absent a 

ts are united together i 
always two-celled. Carpe 


Spe 


ds 
t, leafy or folded Cotyledo 
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. Sterculiaceae has 50 genera with about 750 
distributed in the tropical countries of the world. — 


C. General Floral formula—Q Š Ke Cs, Ac 


D. Floral range—Unisexual flowers occur in 
and Heritiera; in Sterculia and Heritiera petals ai 
In some species of Helicteres flowers are slightly zy, 


E. Affinity and Systematic position—Ste 
Malvaceae and Euphorbiaceae. All the botanists 
under Malvales not very far from Geraniales. 


D 


tomentosa K 
nd 3:29 O Flower. C-Sing 
cium. E—T.s. f . E PU iM 
— a 23 
F. Common plants Sterns ehe 


L. ; Gu ES 

Kleinhovia hospita pos e 
phan .; Heritiera Wr 
Melochia = orifolia L. ; Abroma augus 
pem ioa importance — Cocoa po 

w eeds of Theobroma cocao qm 
fro s augusta L. f. is medicina 
nut. 


2 


* 
* 
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Sterculia fetida, S. alata, 
re oh e avenue — ornamental plants. 
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Dombeya mastersii etc. are 


The wood obtained 


ctorium Merr. (Syn. Sterculia campanulata 
Wall. ex te ried for the manufacture of match sticks and 
packing cases, it is also used for printing-paper and board. 


8.24 Comparison of Tiliaceae, Malvaceae and Sterculiaceae š 


x Tiliaceae 
1, Plants are 
trees or 


ant herbs. 


2. Leaves simple, 
alternate, stipulate ; 
j entire, 

or dentate, 


4. Sepals 5, free or 


connate, valvate In 
. bud. 


5. Petals 5, free, 
imbricate, ^ rarely 
Petals are absent. 


6. Stamens usually 
many, sometimes 5 
or 10, free or con- 
nate at the base or 
grouped in several 

(polyadel- 


bundles 
phous), sometimes 


raised above by the 


elongation of th 
Hatemode d 


terr of thala- 
mus (androphore), 


iv 
Lj 


Malvaceae 


1. Plants are herbs, 
shrubs or trees. 


2. Leaves simple, 
alternate, stipulate ; 
margins entire or 
variously lobed, 
mostly palminerved. 


3. Flowers actino- 
morphic, bisexual, 
hypogynous, soli- 
tary or in racemose 
inflorescence some- 
times. 


4. Sepals 3-5 mostly, 
connate and valvate, 
Sometimes subten- 
ded by a whorl of 
bracteoles at the 
base known as 
epicalyx. 

3. Petals 5, free 
but attached to the 
Staminal column, 
imbricate or twisted. 


6. Stamens numer- 
ous, monadelphous. 


Sterculiaceae 


1. Plants are herbs, 
shrubs or trees, 
rarely climbers, 


2. Leaves simple 
or palmately com- 
pound, alternate, 
stipulate ; margins 
lobed or entire. 


3.. Flowers actino- 
morphic or slightly 
zygomorphic, bi- 
sexual or unisexual 
by abortion one of 
the members of 
essential whorls, hy- 
Pogynous, in panic- 
led cymes or cymes, 


4. Sepals 5, connate, 
valvate. 


5. Petals 


. 5, free, 
contorted.i 


mbricate. 


Stamens numer- 
ous in two whorls 
those of the outer 
whorl are either 
reduced to stami- 
nodes or sca 
xem à 
nner whorl defini 
Or indefinite "Py" 
monadelphous. 
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Tiliaceae 
7. Anther lobes 
two i.e. two-celled. 
8. Carpels usually 
5-10, sometimes 2 
or more than 10. 


9. Ovary superior, 
2-10 or many cham- 
bered,each chamber 
contains 2-m any 
anatropous ovules, 
either pendulous or 
ascending. 


10. Fruit 2-many 
celled capsular, de- 
hiscent or indehis- 
cent or berry-like 
sometimes. 


11. Seeds endosper- 
mous. Embryo with 
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Malvaceae 


7. Anther lobe one 
EA. 

. Carpels l-man 
but usually 5 or 10 


9. Ovary superior, 
usually 5-10 cham- 
bered. Ovules 1 or 
more in each ovarian 
chamber. 


10. Fruit capsule 
or schizocarpic 
capsule. 


11. Seeds endosper- 
mous. Embryo with 


leaf-like large coty- folded cotyledons 
ledons. often. 
Woody trees, 


Order Myrtiflore : 


morphic, bisexual, peri- to epigynous. 
Style simple. Ovules anatropous, 


chambered. 


Endosperm absent usually. 


3.25 Family MYRTAC EAE 


lar leaves with submarginal vein 
bricate. Petals free. 


and petals are im 
inferior. 


B. General characters 3 

mostly entire, exstipulate, 

veins. 

mes solitis, (e.g. ý 
epigyn 

bese d Beier Eucalyptus, free o 


opposite, simple, 
with su bmarginal 
someti 


Sepals 4-5, 
at the middle t 
forming hypanthium, 


imbricate. Stame 
pass i.e. fasciculate on t 


in several series 


phous) ; 

introrse, usually versa 
and gland-tipped. 
sometimes ovary 1S 


- filaments coloured 
tile or i 
els 2-5, united ; 0 


unilocular ; OV 


Shrub: 


—Plants are t 
ous or absent in 


and exerted u 
dorsifixed, conn 
va 


ules 2-many 


shrubs or herbs sometimes. 


Stamens usually many, Ovary o 
many in each ovary 


A. Diagnostic characters : s or herbs with opposite exstipulate | 
s. Flowers regular, 4-5 merous, 
Stamens numerous: Ovary 3-5 cl 
rees or shrubs. ed 
coriaceous, glan 
cymose, 


e which is adnate to 


ledons. 


racem t 
Flowers res 
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on axile or rarely on parietal placenta ; style 1, simple and long ; 
stigma 1, capitate. Fruit various—berry, drupe, nut-like or capsular. 
Seeds with hard testa, endosperm absent ; embryo thick, often curved. 

There are about 80 genera with over 3000 species, distributed 
mainly in tropical America, Australia ; some are African and Indian. 


/ 


| f. 
ic 


Fig. 3.30—Psidium guojava L 
flowering twig, B—Flower Aird ae A—Portion of a 


Si 
D—T.s. of ovary. E—Floral diag tamen, 


4-5, Ace , Gr. s; 


expressed by the formula EZ 013 rangement of flower i. 


Sten sement of stamens which are aie ;» Deviation in the 


Single whorl (obdi 
polyadelphous, i In ‘Mel obdiplo- 
ovary Burma, Syzygium, Bru Aa Stamens are 
In ; mong the members of the * Carpels are 2-3 ; 


tri : 
tus petals are mud to form an operculamaelauciene, 
E. Affini is genus petals are reduced 9r cap-like 
ity and Systematic 5 


Staceae, Lythraceae and Melastomaeege } family is related to 
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F. Common plants— Psidj ji » 

Se uom : ium guajava L. ; Melaleuca lé 
"HDI ik Lira ed (Syn. "usi pec T 
. Eugenia jai [ 
SEM S m" ia jambolana Lamk., Myrtus cumini ` 


G. Economic importance—Myrtaceae is m atv va 
tant family. Psidium guajava yields edible fruit ae S) 
jambos yields rose-apple (Gulabjam) fruit. Java plam ( 
obtained from Syzygium cumini. Melaleuca cai 
Eucalyptus globulus Labill. yield ‘cajeput’ and *euc 
commerce respectively. Syzygium aromaticum Merr. & 
Eugenia aromatica O. Ktze.) is an important spice and oi 
plant—clove oil is obtained from this plant, the dried flow 
are used as spice. * 


2.26 Family MELASTOMACEAE 


A. Diagnostic characters : Usually herbs or shrubs. | 
decussate, simple with multicostate reticulate convergent venation. 


B. General characters—Plants are herbs, 
epiphytic climbers and aquatic herbs. 
whorled, rarely alternate, simple, ë 
reticulate convergent venat 
sometimes paniculate or solitar, / 
( regular ) or slightly zygomorphic, perigynous 
4to 5, united in a calyx tube, a 
calyx is represented as a rim round t 
valvate. Petals 4-5, free, twisted or imbricate. 
petals or double the number of petals and i dem 
filaments unequal, curved inwards, often genicula pe e 
celled, introrse, basifixed, with connectives having m bw 
Carpels 4 to 5, united ; ovary semi-inferior tO or, ^ 

ovules anatropous, usually many in 
le or parietal or rarely free central ; 
uit a loculicidal capsule or berry. 


without endosperm. 
The family Melastomaceae consists of 150 gener and 

which are confined in the tropics, sub-tropics. n 

of the world, the main centre of distribution 


€. General Floral formula— 


Ga-0 
i > Ag-s or 8710? 
e$ K(4 -5)?r «-5* Q,- s» À 3 
p. Common plants—Melastom? malate B. 2; 
> + Osbeckia chinensis L. 5 ©. 1 
oe ae L.; Sonerila tenera Royle d 
E. Economic importance This, fU 
importance. Many species of Me 


isexual, acti 
or epigynous- 
or 


is of Jiti 
Memecy: 
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t 
Tibouchina etc. are cultivated as ornamental garden plants on accoun 
of coloured leaves and flowers. 


Fig. 3.31—Melastoma malabathricum L. (Melastomaceae). A— 
twig. B—Flower in ls. C—Single stamen, D—Fruit. 
—Seed. F—Floral diagram. 


Flowering 


Order Umbelliflorz : Herbs, shrubs or trees with alternate or Opposite exstipu- 
late leaves. Flowers regular, usually bisexual, epigynous in simple or compound 
umbel inflorescences. x 


3.27 Family UMBELLIFERAE 
A. Diagnostic characters: Herbs with hollow internod á 
alternate, simple or decompound, with sh srnodes usually, Leaves 


eathing leaf bases, Inflorescence is simple 
or umbel. Flower small, bisexual, epigynous, Perianth penta 
Geary pss. 2-chambered, styles 2, free. Fruit of two mericarps, P n 


B. General eharacters—Plants are mostly biennial i 
herbs, rarely shrubs. Stems with inte coe 


^ ER TV e i 

are very often much incised ; the petioles are often TERHES 
escence simple òr compound umbel, subtended y distinct 

invo! of bracts. Flowers small, bisexual : 


à à š d ; Tegular and epi 
s 5, usually minute, connate in a 5-toothed calyx, the cal 
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may be entire, lobes absent, often persistent, valy 
often unequal with median folds, margins often incu: 
imbricate. Stamens 5, free, alternating with petals, 
anthers 2-celled, basi- or dorsifixed. Carpels 2, u 
mostly distinctly ribbed ; ovary inferior, crowned by 
2-chambered, ovules pendulous and 1 in each ovary 
ventral; styles 2, free but swollen at the base, sti |: 
Truit a schizocarp composed of 2 mericarps (cremocarp) 
the fruit is traversed by longitudinal ridges and furrows; : 
oil ducts are located between the ridges and furrows 
these are known as ‘vittae’. Seeds endospermous with 

This family is fairly large, consisting of about 
over 2900 species, distributed all over the world, but 
in north temperate regions of the world. 


C. General Floral formula—@¢ Kt; Os, As: ER 


D. Floral range—No floral deviation occurs, flov 
ted on the formula Kis) Cs, As, Gea). , Unisexual flo 
in Echinophora and Arctopus, the latter is dioecious. 


T —Po 
belliferae). A—Por 

asiatica Urb. (Um r. C—Inflore 

Fig. 3.32 Centella Sih flowers. oins vittae (dotted). F 


prostrate, pP! Fruit in t.s. sh “tion Umbellif 
finity and Systematic PO g also fo 
Ey to the family Composites A ejtiforae o 
related Rhamnales. It is under 3 
or 
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i just preceeding 
taxon of the polypetalous group of dicotyledons just 
pode a taxon. All taxonomists have approved this. 


F. Common plants are Centella asiatica Urb. (Syn. Hydrocotyle 
asiatica L.) ; a sativum L. ; Oenanthe javanica DC. (Syn. 
O. stolonifera Wall). ; Carum carvi L. ; Trachyspermum amni Sprag. 
(Syn. Carum copticum Benth. & Hook.) ; Foeniculum vulgare Gaertn., 
Seseli indicum W. & A. etc. 


G. Economie importance: Owing to the presence of etherial 
oils, resins etc. the seeds and fruits of many Umbelliferae are used as 
condiments. 


The important plants are— 


(1) Trachyspermum amni—(B. ‘Jowan’), the seeds yield jowan. 
Aquaptychotis is manufactured. (2) Foeniculum vulgare—(B. Mouri) 
mericarps (fruits) are used as condiment. (3) Coriandrum: 
sativum—(*Dhone")—the mericarps are used as condiments for cook- 
ing purpose, (4) Daucus carota L. var. sativa DC.—the carrot or 
*Gajor', used as vegetable. (5) Ferula assafoetida L. —The resinous 
exudations of the young buds and roots are used as *asafoetida or 
"hingh' of commerce, (6) Centella asiatica is used in medicine. 
(7) Carum carvi—fruits are used as condiment, also used medicinally 
às stomachic and carminative. 


Order Contortae : Herbs, shrubs or trees. Flowers bisexual, rarely unise l, 
regular and hypogynous. Petals connate, imbricat t. u A "n 
Pater hy tea Wi ed o ‘cate, contorted usually. Stamens 


3.28 Family GENTIANACEAE 


A. Diagnostic characters : Herbs. i 
often. Flowers bisexual, tetra- ae ous oe Goa 
I-chambered and many-ovuled, placentati 


exstipulate, sessile 
ntamerous, Carpels 2, Ovary superior. 
on parietal. Fruit capsule, a 


tly annual or perennial 
nching, rarely shrubs. 


monochasial). Flowers actinomorphic (re ular) bi 

» bis à 
nous, bracteate, 4-5 merous. Sepals 4-5, Comia tees hypogy 
imbricate. Petals 4-5, connate i 2 usually, 


lat ; Style sim jen] i 
Fruit a Septicidal capsule, Seedy with state 


Gentianaceae is a famil 
world wide distribution and i) 


genera and about 800 Species, of 
C. General Floral form 


Ts abundant in temperate regions, 
ula—@ ë Eq. Cv, Ag_s, Gia) 
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D. Common 
Weight : m plants—Cans ; 
Weight s Seria, hate am Hope dita W 
lutea L. etc. riseb (aquatic herb with white lowe 


Fig. 3.33 —Canscora diffusa R. Br. (Gentianaceae). A—Po! 
B—Flower. C—Flower in ls. D 


bearing flowers. 
diagram (pl, placenta). 


3.29 Family APOCYNACEAE 
often with milk; Ja 


Diagnostic characters : Plants 
exstipolate. ‘Corolla salver- or funrel-shaped, throat ofter 
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TN or other outgrowths—the corona. Anthers often sagitate. Disc very 
is prescot. Carpels 2, connate or connate above (i.e, by styles) and free 
below. Stigma dumble-shaped. Fruit of two follicles generally. Seeds winged or 
Comor. 


B. General characters—Plants are woody twining shrubs i.e. 
lianes (e.g. Landolphia, Aganosma, Beaumontia etc.) or trees, or erect 
shrubs, sometimes herbs, often with milky latex. Leaves opposite 


Fig. 3.34—Holarrhena a aenrerica Wall. (Apocynacez), A—Porti 
shoot. nor lower. C—Corolla tube split open show a 
pn poring glands at base, E—Gyneecium, F Seale 
+ H—T.s. of ovary. I—Florai diagram. ba 
. and decussate, sometimes 
; alternate or whorl i 
i ed i 
à cade, rune to obovate, ovate or laicsolate 2 de 
same om se or racemose, sometimes pe. 
egular ie. actinomor aolitary. 


" quently glandular ithi e in a deeply Moni 

ricate. Petals 5, i Within ; someti 
dole corolla oe in a salver-shaped or ma Sepals 4 
Provided with various types of s 


ab Ty appe 
with petels in one whorl ; flamen S2» epipetalous, Eje the 
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Carpels 2, eithe i 
ë j r entire] i i 
bala y united o i 
E. en Et a E below ; ovary PR ia pere: re 
ous ns many anatropous e "ig 
(when 2-chambered) or parietal (when Llam HERR 
P 


ceæ). A—Portion of a flowering 
cynacee).. 


pen showing stamens. 


seus (L.) Don. (Apo 
G—Floral diagram. 


Corolla tube'split o| 
F—T.s. of ovary. 
mble-shaped, style usually 1. Fruit 


sule or dispen us z 
f hairs at tips) w! 
s straight, 


Fig. 3.35— Catharanthus ro 
shoot. B—Flower. C— 
stamen. E—Gynccium. 


stigma often thickened and du 
es, or berry, cap 


usually of two follicl [ 
flat, winged or comose (with crown of hairs 2 i 
endosperm or endosperm absent sometimes; €m IyO 

over 1,300 


cotyledons folded. k 
The family, comprising about 300 genera with 
species, is distributed mainly in the tropical countries ofb 


hemispheres. 
C. General Floral formula—@ Š Etsy Cs» Av? Gt 


D. Floral range—There is no 
excepting carpel), 4-cyclic arrangemen loral 
onore in the union of carpels and which 1s usually oe 
and almost free, but fully connate in a 
genera e.g. Carissa, Melodinus etc. 


oth the 
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E. Affinity and Systematic position—Apocynaceae is very much 
allied to Asclepiadaceae. It also bears relationship with Gentiana- 
ceae and Oleaceae. 


The family is a sympetalous taxon and is put in the Sympetalae i.e. 
Gamopetalae. Bentham and Hooker placed (due to 2 carpels) it under 
Series III Bicarpellatae under Gamopetalae. Engler and Rendle 
placed Apocynaceae under Contortae of Sympetalae (Gamopetalae) 
due to contorted aestivation of petals. Hutchinson placed it under 
Apocynales—the last but three under the Lignosae. 


Fig. 3.36— Nerium indi i 
š Mill. (Apocynacea£). A— Portion of i i 
— Corolla split Doan hae ) n of a flowering twig. 
& corona. C—Single stamen. D—G; i 
—Ovary in t.s. F—Floral diagram, an. 
F. Common 
: plants—Catharanthus ros, 
Posed j eus (L.) Don (Syn. Lochnera 
cwm Vinca rosea L.) ; Nerium indicum Mill. (Sn N. Babin 
beaan Kug peruviana (Pers.) Schum. (Syn. T. neriifolia Juss.) ; 
tapf) ; Rawr, p» ivaricata (L.) R. Br. (Syn. Ervatamia coronaria 
(L.) Benth. ^,^ tetr, aphylla L. (Syn. R. canescens L.) ; R. serpentina 
oth.) ; gy; Z 80%08ma dichotoma Schum. (Syn. Echites dichotoma 
l ; Plumeria rubr 
1 i g 
` acutifolia Poir) ; Alsons ait (Syn. Plumeria rubra L 


of them economic i à 
em are ornamenta] mostly poisonous, most 


npe L. (B. « bye The fruit j 
and jelly. AG Karamcha ) is edible and is used for fd xam 


.Temedy for a hena antidysenterica Wall. (B. Kurchi) i 
moebic d ` i) is 
961, D ysentery, infusion of bark is used. Rauvolfia 
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serpentina—the roots are used as a remedy for i p 
Ssure and in insanity. Alstonia schol R. pee Lee 
febrifuge drug, bark is used as medicine. Ornamental garden p 
are :—(1) Plumeria rubra forma acuminata, (2) Catharanthus rose 
(3) Nerium indicum (Karabi), (4) Thevetia peruviana (‘Kolkep 
the yellow oleandar, an extremely poisonous plant, the seeds co: 
a poisonous glucoside ‘Thevetin’, (5) Allamanda cathartica ` 
(6) Tabernaemontana divaricata etc. Rubber-yielding plants 

Urceola elastica Roxb., Dyera latifolia Hk.f. etc. L: 


3.30 Family ASCLEPIADACEAE 


A. Diagnostic characters: Herbs or shrubs, often twining, with mill 
Flowers gynandrous. Disc is absent. Stamens are cries. 0 
gynostegium. Pollen grains are united in 1 or 2 pollinia. 2 
their styles only, free at the base. Stigma 5-angular. Seeds comose. 
cartilaginous. 


B. General characters—Plants are perenni mel shrubs ¢ 
rarely small trees; mostly woody climbers i.e. lianes (e.g. Dreg 
Finlaysonia etc.), generally with milky latex. Leaves simple, opposite - 
and decussate, rarely whorled, exstipulate, leaf blade obovate, ovate - | 
or elliptic-linear etc., entire. A 


i ), A—Portion of a flov ring 
R. Br. (Asclepiadacez uo ES 
re, 3.3— Calotropis Pr S- Gynæcium: Dapon ioral oe rx 
ont ee Lq.s of ovary. £7 s MUR: 
F—Seeds. G— | 
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Inflorescence cymose (dichasial or monochasial) or racemose, or 
umbelliform. Flowers actinomorphic (regular), bisexual, pentamerous 
and hypogynous. Sepals 5, united in deeply partite calyx, quincuncial. 
Petals 5, united in a rotate, campanulate or salver-shaped corolla, 
either contorted (twisted) or valvate in bud. Stamens 5, rarely 
— distinct i.e. free, generally adnate to the pistil (gynoecium) forming a 
_ gynostegium ; filaments broad and adnate into a hollow column 
enclosing the style; anthers 2-celled, pollen grains at maturity 
agglutinated within each anther lobe into a pollinium—pollinium 
united in pairs (pollinia), pollinia are attached by their stalks or 
arms (translators or caudicles) to the horny structure—the corpus- 
- culum ; rarely pollen grains are granular but remain united in tetrads. 
Disc absent; either petals or stamens or both are provided with 
appendages of various iypes—the so-called corona. Carpels 2, 
wu only by their styles, free at base; ovary superior, each 

ovary l-chambered ; ovules anatropous, many in each ovarian 
chamber, ovules are situated on the marginal placenta along the 
ventral suture ; stigma discoid, 5-angled ; styles 2, connate above. 
- Fruit of two follicles. Seeds comose (ie. with tuft of hairs) with 
scanty cartilaginous endosperm ; embryo large. ' 
Asclepiadaceae comprises 280 genera with about 1,800 i 
mainly distributed in the tropics of the old world. ea 


C. General Floral formula—@ Š Kis), Gro AG Gray 


N iadaceæ) £ 

C—Gynocium. D: - A—Portion of š 

: . D—Flo a floweri 

F—Single petal. Gurr Pepa one 
s. Ty. . 
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D. Floral range—This fami naceae 
r amily, very alli el 
be s aide ps no nd in 7 ta a truch 
o t s . * pe 
Hemidesmus are not in Pollinis ^ which is eon a 


E. Affinity and Systemati iti : 
related to the family ese. atic position- ASP is close 


The taxonomic position of the family, a i 
Hooker, is with its ally family Mee pide: Li 
of the Bicarpellatae under gamopetalous dicotyledons. Engler, 
Apocynaceae, placed Asclepiadaceae in the Contortae. Ren 
placed it in the Contortae under the tetracyclice of gamop 
taxa. It is Hutchinsons one of the members of Apocynales. 


F. Common plants are Calotropis procera R. Br.; C. gis 
R. Br. ; Asclepias curassavica L. ; Pergularia daemia Ch 
Daemia extensa R. Br.) ; Sarcolobus globosus Wall. ; Marsdenia 
bilis Cooke (Syn. Dregea volubilis Benth.) ; Tylophora indica M 
(Syn. T. asthmatica W. & A.) ; Cryptolepis buchanani R. & S. etc. 

G. Economic importanee— Practically this family contains DO . 
plants of economic importance. Only medicinal plant is the Indian 
sarsaparilla i.e. Hemidesmus indicus R. Br. (Anantamul)—the roots are — 
used as substitute for sarsaparilla, also used as tonic, diuretic and - 
demulcent. Cryptostegia grandiflora is a rubber-yielding plant. Some — 
species of Asclepias, Hoya etc. are used as ornamental garden plants. | 


3.31 Comparison between Apocynaceae 
Apocynaceae 


and Asclepiadaceae š 
Asclepiadaceae 
I, Inflorescence— Cy mes or f: Inflorescence—cyme, oye j 
panicle of cymes. mose umbell or raceme. E. j 
of adherance 2. Anthers are closely ad- 
que pressed to the stigma, connate, ` 


and connation of anthers and du i 
i tion to the stigma— the filaments connate, the waow- 
thait a i " structure unites with pistil to 


um. x 
no true gynostegi form d gynostegium. 


in 

3. Pollen granular. 3. Pollens very often 10 

; pollinia. d 

icle. 4, Translator Or kd 

4. No translator or caudicl E es, 3 
5. ise ver oen, folie $ Dies eia of 2 

en eae. both Bers follicles. 2s 
7. Endosperm very scanty p Endosperm 5 | 

or absent. . 

or lianes. Leaves ee m 


; Plants are herbs. 
o, peste, Tubi bisexual, actinomorphic or zygomorp 


Carpels 2. 
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3.32 Family CONVOLVULACEAE 
A. Diagnostic characters: Usually twining herbs, may be erect shrubs or 
bs. Leaves simple, exstipulate, alternate, variously lobed. Flowers 
may be solitary, axillary or in biparous cyme or cymose panicle ; pentamerous, 
hypogynous, actinomorphic. Corolla funnel-shaped or semi-rotate. Stamens 5, 
unequal. Ovary superior, 2-celled with 2 erect anatropous ovule. Fruit capsule 
usually, Embryo with folded cotyledons. Endosperm cartilaginous. 


B. General characters—Plants are usually annual or perennial 
erect or twining herbs or shrubs, or undershrubs, some plants are 
yellow and leafless twining parasites (e.g. Cuscuta), often with watery 
latex. Leaves alternate, simple, entire or variously lobed, exstipulate. 


Fig. 3.39— Ipomoea sinensis (Desv.) Ch 
) .) Cho. (Convol 
plant with flowers. B—Flower in ie CMM Mtn 
D—Seed with hairy outgrowth. 


ae E twining 
persistent calyx. 
E—— Floral diagram. » 


bs e.s r flowers m i 
ith bracteoles and jointed peduncle. un diy T 
; A 


nomorphic (regular), bisexual h 
mostly free, quincuncial, DRAC peti A ue Pia akka 
5, 


Shaped or salver- i i 
bod. corde wes shaped corolla, induplicate-valvate or twisted in 


; ; Present. 
connate ; ovary Superior, 2-celled or ege 


wall; ovules 1-2 ; 
anatropous ; style simple, vk 
, 
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filiform or style bipartite or distinctly two ; stigma: terminal 
tate or 2 distinct stigmas varying in type. Fruit usually caps 
sometimes indehiscent nut-like or fleshy (e.g. Argyreia ; some speck 
of Cuscuta). Seeds smooth or pubescent, endosperm cartilagit 
embryo curved with folded cotyledons or without apparent cot 
dons (e.g. Cuscuta). 7 
The family Convolvulaceae with about 50 genera and 1,200 spe 
is well represented both in tropical and subtropical regions. 


C. General Floral formula—Q¢ K;, Os), As, Gis) 


D. Floral range—In this family there is uniform struct 
flower being regular pentamerous (except carpels) tetracyclic 
deviations in a few genera are noticed e.g. in a few species of Jpomi 
there are 3 carpels ; Hildebrandtia has unisexual flowers in dioecious 
plant and the flowers are tetramerous. 


E, Affinity and Systematic position— Convolvulaceae has clo 
affinity with Solanaceae in the formation of false partition wa i 
persistent calyx, structure of corolla etc. This family also bears 
some relationship with Boraginaceae, Hydrophyllaceae etc. Kl 

The systematic position of this family according to Rendle e under. 
Convolvulales—a monotypic taxon next to Conlon ae r 
from that of Engler who placed it in the Tubiflorae n ds Ae 
sentative. Bentham and Hooker placed this bee y onder PoE 

osition alon 
Later Qu the Sotanales, Hutchinson also supported this view. 


F. Common plants are Ipomoea alba Li: yn. e 
I. aquatica Forsk. (Syn. I. reptans Poir, Kalmi) ; £ pi i 
(Sweet potato) ; I. sinensis (Desv.) Choisy (Syn. J. L: 


ç a „caprae Sw.; I qua 
and Patel); J. biloba Forsk ; La ae nalari Loe Cuscuta. 


(Syn. Quamoclit pinnata Boj) ; Heras fe ala 
1 b. ; Argyreia nervosa Bo}. r phat 
ee eye Chita arvensis L.; Exogonium purga i 


Ipomoea purga Hayne) etc. ; ` — 
j — Economically this family Ë no m 


H 
1 


important. The edib i | 

x vegeta De. 

S due once ar, o e ud M 
2 ium purga are 1 ee 1 

cid p ig AUS Various species of Tomos en "e: are 
quamoclit, I. alba and Porania panicu lata, [ 


cultivated as ornamental garden plants. ! 
3.93 Family BORAGIN ACEAE ik an ste nd aves 
jagnostic characters : Herbs mainly, erate Or ble, exstiD ewe M 
r A otbed with hairs or e -L ai B ei Th ous, ar 
are ] br Lx D 
i lin scorpioid cy š 
regula ly of 5-nutlets, sometimes drupe. 


a 
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B. General characters—Plants are usually pubescent annual or 
perennial herbs, shrubs or sometimes trees (e.g. Ehretia, Cordia), very 
rarely climbers. Leaves usually alternate (the lowermost sometimes 
opposite), simple, exstipulate, entire, often scabrous or hispid hairy. 
Inflorescence simple or double scorpioid cyme (cincinnus) usually 
which is coiled in young condition but becomes uncoiled as the 
flowers open. Flowers bisexual, usually regular (actinomorphic) or 
slightly zygomorphic (e.g. Echium, Lycopsis) hypogynous. Sepals 
5, free or united at base in a bell-shaped or tubular calyx, imbricate 
or rarely valvate. Petals 5, united in a funnel-shaped, tubular or 
rotate corolla, corolla limb spreading, corolla lobes imbricate or 
rarely contorted and unequal, corolla throat often partially closed 


Fig. 3.40— Heliotropium 
indicum L.  (Boragina- 
ceae). 
A—Flowering twig in 
part. 


B—Single flower. 


C—Corolla split open 
showing stamens. 


D Single stamen. 
E—Gynoecium. 
F—T. s. of ovary. 
G-—Floral diagram. 


` 


by scaly outgrowths. Stamens 5 epi 
I : pipetalous, alternate with 
pa ig petals ; filaments equal or less commonly ce ele o ies 
un basifixed or basally dorsifixed, introrse. Carpels 2, median 
vnd Ovary superior, 2-chambered with 2 ovules in each "chamber 
Een ra bed i iud ird ee falsely 4-chambered with 
e c er, ovule with upwardly directed mi 
placentation axile : style L terminal s Roles ee 
simple, capitate or bilobed in vires e uU dn imple aema 
i era. Annular necte i 
isc occurs below the ovary. Fr ^i f Es 
COMIS [bei Ni y. fruit of 4-nutlets, rarely drupe, (e 
: : sually without end Tos Saa 
endosperm Present ; embryo straight or (eee Et aniy 


Boraginaceae compri 
3 : prises about 1 
Species which are distributed in p 


genera with about 2,00 
Of the globe. ° 


th° tropical and temperate regions 


1112 STUDIES IN BOTANY 


C. General Floral formula—@ $ K; or (s), Oto), As, Gto) E 


D. Floral range— This family has li iati 
K s little v. 
pormat construction of its MES flower. I 
ycopsis flowers are distinctly zygomorphic. In Heliotro 
E is with downwardly directed micropyle. 

. Affinity and Systematic position— This family i ali 
to Labiatae and also to some extent to Solanaceae. d n 
preferred its position along with Polemoniaceae, Hydrophyllace 
under the separate order Polemoniales. Engler and Rendle pla 
it under Tubiflorae, Hutchinson placed Boraginaceae in the 
typic order Boraginales under Herbaceae. 
F. Common plants—Heliotropium indicum L.; H. ovalife 
Forsk 3 Cordia dichotoma Forst. f. (Syn. C. myxa auct. plur. non 
C. obliqua Willd)—a small tree ; Coldenia procumbens L. ; Cynogloss 

procumbens Forst. ; Ehretia serrata Roxb. (Syn. E. acuminata R. 
—a large tree of North Bengal) ; Trichodesma indicum R. Br. etc. 
d G. Economie importance—Economically this family is less 
important. Alkanna tinctoria Tausch. is a dye-yielding plant. Cord 

sebestena L.,—a tree with orange red flower and elio 
arborescens L. (Syn. E. peruvianum L.)—a herb ; all these are p^ 
in garden as ornamental plants. 


3.34 Family VERBENACEAE 


A. Diagnostic characters : Herbs, 
opposite or whorled, simple, sometimes co 


hh 


shrubs or trees. Leaves 
mpound. Flowers irregular ( 


-benaceae). 
Fig. 3.41—Lantana camara L. var. aculeata (D) Mold ("ella RET 
8 Portion of a flowering twig. B — Flower Gyn Exod 


open mm Le os and By Flor al diagram. 
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ic), bisexual. Corolla bilabiate or tubular, often oblique. Calyx persistent and 
„lobed. Stamens 4, didynamous or sometimes 5, rarely 2. Ovule usually 1 in 
each ovary chamber. Fruit drupe. 


B. General characters—Plants are herbs, shrubs or trees, very 
rarely climbers (e.g. Holmskioldia, Petrea). Stems and branches 
often quadrangular. Leaves usually opposite or whorled, simple or 
sometimes palmately or pinnately compound (e.g. Vitex), exstipulate. 
Inflorescence racemose (raceme or head-like spike) or cymose or 
cymose panicle. Flowers zygomorphic, rarely actinomorphic (regular), 
bisexual (or polygamous by abortion), hypogynous, often with well 
developed bracts (bracteate). Sepals 5, united in bell-shaped or 
tubular 4-8 toothed calyx, persistent, aestivation valvate and open 
usually. Petals 5, united in campanulate, tublar or bilabiate corolla 
with spreading limb, lobes imbricate, corolla tube often bent. 
Stamens 4, didynamous, rarely 5 (e.g. Tectona) or reduced to 2 (e.g. 
Oxera), epipetalous ; anthers introrse, two-celled. Carpels 2 usually, 
rarely 4 (e.g. Duranta) or 5(e.g. Geunsia), united ; ovary superior, 2-4 
chambered or rarely one-chambered, ovule 1 or 2 in each ovary 
chamber, ovule with inferior micropyle i.e. micropyle directed down- 


Fig. 3.42—Lippia alba Br i acea 
c + ex Britt. & Wilso 
of M fosering shoot. B fnforescenee, C eee go AL Portion 
orolla split open showing stamens. E—T.s it 


ovary. F—Floral diagram. G—Gynoecium. 
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wards, placentation axile ; style 1, simpl S 

; , Simple or lobed, terminal; s 
lobes usually as many as carpels. Fruit generallya d 
4-nutlets (e.g. Verbena) or a 2-4 valved capsule (e.g. Avicennia), 
with or without endosperm ; embryo straight. 


Genera about 80 with 800 species, distributed in tropic 
subtropical regions of the world. 


C. General Floral formula—.|. Ó K(,), Oon Aas Ga). 


D. Floral range— There is some deviations from normal zygo 
phic pentamerous (regarding perianth ) tetracyclic type 
Physopsis the flower is actinomorphic and tetramerous; Ted 
and Geunsia the stamens are 5 instead of normal 4. Carpels areal 
5 in the genus Geunsia. P 


E. Affinity and Systematic position—Verbenaceæ closely ; 
bles Labiatz. This family according to Engler and Rendle 


f 
aceae). A — Portion o! 
Loe of ovary. D—Floral diagram. 


— Duranta repens 
Fig. 343 B—Flower in Ls. 


phe i onomists plac. s, 
typical P Tales close to Labiatae. MEET tax pga x i 
auch "Personales along with Labiatae. erbe- 
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naceae under Verbenales, the last taxon of the gamopetalous 
Lignosae. ` 

F. Common plants—Vitex negundo L.—a shrub with palmate 
compound leaves. Clerodendron viscosum Vent. (Syn. Clerodendron 
infortunatum Gærtn.) ; C. indicum (L.) Kuntz. (Syn. C. siphonanthus 
R. Br.) ; C. inerme L. ; Lantana camara L. var. aculeata (L.) Mold. 
(Syn. Lantana camara L.); Phyla nodiflora Green (Syn. Lippia 
nodiflora Rich.) ; Lippia alba (Mill.) N. E. Br. ex Britt. and Wilson 
(Syn. L. geminata H.B. & K.) ; Verbena officinalis L. ; Premna integri- 
folia L. ; Gmelina arborea L. (Syn. Premna arborea Roth.); Duranta 
repens L. (Syn. D. plumieri Jacq.) ; Petrea volubilis Jacq. ; Avicennia 
officinalis L. (Sunderbans, Andamans) ; Callicarpa macrophylla Vahl. ; 
Tectona grandis L. etc. 


G. Economic importance—Tectona grandis is a famous timber 
(segun or teak) producing plant. Vitex negundo is medicinal, roots 
and leaves are used as a tonic and a febrifuge and also as a diuretic. 
Some plants like Duranta repens, Clerodendron indicum, C. fragrans 
Vent., Petrea volubilis etc. are used as ornamentals. The bark of 
Avicennia officinalis is employed for tanning. 

3.35 Family LABIATAE 


A. Diagnostic characters: Aromatic herbs or shrubs with square stems 
covered with glandular hairs. Leaves simple, opposite decussate, exstipulate. 
Flowers irregular and bisexual in verticillaster inflorescence. Corolla bilabiate. 
Carpels 2 ; ovary 2-chambered, but ultimately becomes 4-chambered. Style gyno- 
basic, tip bifid. Fruit of one-seeded 4 nutlets (carcerule), 


B. „General characters—P 
Perennial herbs, shrubs or 
Stems quadrangular (i.e. 
Leaves simple showing all grades of incision of the leaf blade to 
entire form, exstipulate, 
ee verticillaster, rarel 

ers bisexual, hypogynous 
bracteoles are usually present. 
rregular calyx, imbricate, sometimes bilabiate. Petals 5, connate ín 


a two-lipped ( bilabiate ) coroll imbri i 
typically 3-lobed and he carbu Gace e 


(e.g. Salvia), epi 
» epipetalous 
2-celled, connective is often 
pd Superior, 2-chambere 
 4-partite, each 
With inferior Fue 
1, usually gynobasic (exceptions : Aj i i 
,u í ptions : Ajuga, Teucrinum), ti 
y x how minute at tips. Fruit of one-seeded 4-nutlets brifroudded 


Labiatae 


distribui is a large family of about 200 genera with 3,200 species, 


n both tropical and temperate 


countries of the world, 
General Floral formula— .|. Š Kis), 


Ct», Ag or 2» Geo) 


C. 
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D. Floral range—The pl 
an o i 
Pu nere be some Marci TN Me ki 
v D RAE may be regularly 5-toothed Pf i 
jne caly n e 2-lipped as in Plectranthus, or cal Y 
pee St nerved. In Ocimum, Hyptis etc 4 -— 
: d i obes exists in which there are 4 petals for th yeti 
p. 3 RAUS lower lip ; similarly 0/5 arrangement Aes in 
whe re on the 5 petals constitute a 5-lobed lower lip, the 
Hx d ent. Mentha has regular 4-merous or S-merous ¢ 
eus has monadelphous androecium, i.e. stamens ited 
bundle. Stamens are 2 in Salvia. Xn . 


Fig. 3.44—Leonurus sibiricus L. (Labiatae). A—Portion of à flowering 


shoot. B—Flower. C—Calyx. D — Upper corolla lip 
didynamous stamens. E—Gynoecium. F—T. s, of ovary. 
G—Fruit. H—Floral diagram. hy 

E. Affinity and Systematic position—The family Labiatae 15 
It also bears some a me 


closely related to Verbenaceae. 


L 
1 
family Boraginaceae. f | 
Hutchinson has treated this family as most advanced and 9 
it in the order Lamiales—the last evolved and advanced taxon 
the dicotyledon under Herbaceae. Engler and Rendle have 
Labiatae in the Tubiflorae. Bentham and Hooker ha, š 
family under 7th cohort Lamiales of the series Bi 
division Gamopetalae. Many botanists have pla 
the order Personales. 
F. Common plants—Oc 
Leucas aspera Spreng. (Syn. L. moll 


Desf. ; Salvia splendens Ker-Gawl. (Syn. 
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Anisome . Br.) ; Hyptis suaveolens 

. Kuntz. (Syn A. ovata R. Br.) ; 1 Judy 
Poir. ; osos plectranthoides Desf. ; Leonotis nepetifolia R 
Br. etc. 


» 
D "etu 
=F 


Fig. 3.45—Leucus lavendulaefolia Nees (Labiatae). A—Upper part of 
flowering shoot. B—Flower. C—Corolla Split open 
Showing epipetalous stamens, D—Gynoecium. 
E—Ovary in t. s. F—Floral diagram. 
€. Economic importance—Man 
are useful as they co 


vulgaris L., thymol is obtained ; Mentha piperita L. yields 
an, Ocimum kilimandscharicum Guerke is cultiv 


- (Syn. C. aromaticus Benth.) are used fo 
Some plants such as Salvia officinalis L., 
° S. coccinea L., Meriandra benghalensis Ben 
as ornamental garden plants. 


amily SOLANACEAE 


r flavouring 
S. splendens 
th. etc. are 


à § . Leaves simple, alternate, 

ri xd iis Pus bisexual, regular in cymose inflorescence. Calyx Persistent, 
N y- 

embry, Seeded b 


- Placenta thick. 
with curved 
E. 
sly c etn. peatacters—Plants are herbs, shrubs or small trees, 
R 8 shrubs (e.g. Solanum trilobatum, S. jasminoides). Leaves 
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alternate (often becoming opposite at or near the i 
simple, exstipulate, margins entire or lobed (often pint 
Inflorescence typically an axillary cyme, sometimes heli 
cymose panicle, or flowers may be solitary. Flowers 
regular (actinomorphic), or rarely zygomorphic, hypog) 
pentamerous tetracyclic arrangement of floral members. Sepals 
nate, imbricate, persistent, often enlarging in fruit. Petals 5, ç 
in a rotate or funnel-shaped or bell-shaped corolla or rat 
bilabiate corolla, lobes imbricate, sometimes plicate or cc 
rarely valvate (e.g. Cestrum). Stamens 5, epipetalous, altern 
with the corolla lobes, rarely 4 and didynamous ; anthers 2- 


—Portion of a fi 
artz. (S9 lanaceae). A ae 
ds MU SEE E ot a1 Mec: Flower (upper one), Cd 
š ; , E—Flo 1. : 
ue ua showing apical porous dehiscence, 


i i orous or lon gitudina 
iege up of connective deris 
lobes Hypogynous disc i uae We 

c nnate ; ovary 5 ud 
peer ovules anatropous and many on 
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1, terminal, simple ; stigma capitate or slightly bilobed. Fruit usually 
berry or sometimes capsule (e.g. Datura). Seeds com» 


pressed flat, often with endosperm ; embryo curved or semi-straight. 


The family with 85 genera having more than 2,200 species is 
mainly distributed in tropical and temperate regions of the world. 


€. General Floral formula—(D 9 K(,), Ces} As, Gia) 


Fig. 3.47—Nicoti 
Š tiana plumbaginifolia Vi 
Se 1 olia Viv. (Solana: . A—Porti 
Tag hut B— Flower. © Casi tete nit oan ge 
È aele prin E—Gynoecium. F—Fruit Lr 
*8.0i Ovary, H—Floral diagram. ; 


D. Floral r. 
ange—The famil 
us mit 
x A,, Gr» "Tent, exoepting carpels and is b 
Bomorphi ion is manifest i i 
lst tribe S flowers, the latter is confine ae actinomorphic and 


n Brunfelsi 
stamen etsia and 
2-locula are 4, didynamous. 
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Solanacea their 8th gamopetalous order Polemoniales with 

; IT Convelvalacese. Engler and Rendle have placed 
it under Tubiflorae. Hutchinson has placed it under his 77th series 
Solanales which includes Convolvulaceae near Boraginaceae. 


F. Common plants—Solanum torvum Swartz.; S. surattense 
Burm. (Syn. S. xanthocarpum Schrad. and Wendl); S. nigrum L. ; 
S, verbascifolium L. ; S. trilobatum L. ; Datura metel L. ; Nicotiana 
plumbaginifolia Viv. ; Cestrum diurnum L. ; Browallia elata L. etc. 


G. Economic importance—The family contains many useful 

. Important plants used as vegetables are Solanum tuberosum L. 

t0), Lycopersicon esculentum Mill. (Syn. S. lycopersicum L.—the 
tomato), S. melongena L. (brinjal), Capsicum frutescens L. (the chillies) 
ete. Atropa belladona L., Withania somnifera Dunal, Datura metel, 
D. stramonium L., Solanum surattense etc. are important medicinal 
ts—the former yields atropin. Nicotiana tabacum L. (the tobacco 
plant) is cultivated for tobacco. Some are used as favourite orna- 
mental garden plants e.g., Cestrum nocturnum L. (night jessamine), 


elsia americana L. (Lady-of-the night), B. latifolia Benth., 
species of Browallia etc. E EM i 


3.37 Family SCROPHULARIACEAE 
A. Diagnostic characters : 


) S: Usually herbs or under-shrubs. Leaves alternate 
mee or whorled, exstipulate, simple. Flowers usually zygomorphic (irregu- 
Corolla personate usually. Stamens 

ous ; (rarely 2). Carpels 2, medianly placed. Ovules num 
placenta. Embryo straight or slightly curved. mim 
T General 
rarely shrubs or trees (e.g. Wightia) ; a few are climbers (e.g. Mauran- 


Infloresce simple, entire or pinnately lobe 


usually 
Scoparia), 
merous), hypogynous, bracteate, 


ate or valvate. 


s" e united, 
rotate b. connate in personate or tubular corolla, rarely corolla 
to saceate (oe ie as Dic) Of bene (pees 
S (eg. Vols: ntirrhinum). Stamens usually 4, didynamous" rare, 

dehiscing longitudinally €pipetalous ; anthers 2-celled, 


ogyn š 
Unilateral) is present. ote t eren 


1 Ovary chamber n 
simple Stigma entire à y placenta thi 


capsu E £g. 7 " , 
feebly eae berry. Seeds with 2log Gratiola). Fruit usually 
71—(vol. 1) 
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Scrophulariaceae is a fairly large family co 


genera and o > E J 
of the world. ver 3,000 species, distributed all over * 


C. General Floral formula— .|. ó K; [07 A X 
t-65) Uu - 6), Ås, SG 


Fig. 3.50—Lindenbergia indica O. Ktze. (Scrophulariaceae). A— 

of a flowering twig. B—Flower. C—Corolla split open sho 
stamens. D—Single stamen. E—Gyn 
of ovary. G—Floral diagram. 


D. Floral range—Departure from typically bisexual z 
flower with pentamerous calyx and corolla occurs in a 
In Verbascum flowers are actinomorphic (regular) 
stamens ; in Scoparia flowers are actinomorphic an 

e calyx is tetramerous due to the su 


in Veronica th ) 
posterior sepal, and the corolla tube is almost absent ; 


the anterior carpel is larger than the posterior one. otami 
many species of Dopatrium and Veronica. In Linaria, 


Antirrhinum stamens are 4 and didynamous. 
and Systematic position—Scrophu laria 


E. Affinity rop 
closely related to Solanaceae. Many taxonomists | | 
under the order Personales. Engler and Rendle lacet À | 
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family close to Solanaceae under the Tubiflorae. Bentham and 
Hooker put it in their 9th Series Personales of the bicarpellate 
Hutchinson has placed the family Scrophulariaceae 


under the order Personales of Herbaceae. 


Fig. 3.51— S. i 
= te e gd L. ( Scrophulariaceae ), 
F—Frui: 


F. Common pl s 
L. urticaefoli Piants—Lindenbergia indica (L. 
pa aa se X ; L. polyantha Roye ) t Ktze. (Syn. 
Verbascum coromandelia (Syn. Herpestis monnieria es dulcis L.; 
Vahl.) ; Linderria br Visi: O. Ktze. (Syn. Celsia . B. & K.); 
Bron) eala Link and Otto. (Syn. Bonny omandeliana 
Benth.); Limnophila he Crustacea F. Muell. (Syn. vun brachiata 
submerged leaves, a si aa Benth. (an aquatic herb % ia Crustacea 
cordata (Grit) N. M. Dutta pale of heterophylly) > ae cted 
ramosissima Wall. etc. utta ; Dopatrium junceum ey `: Torenla 
* 5 inaria 
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of Veronica, Russelia (coral plant), Calceolaria (Lady’s t 
Verbascum etc. are favourite ornamental garden plants 


3.38 Family GESNERIACEAE 


A. Diagnostic characters: Herbs or shrubs. Leaves si 
whorled sometimes. Flowers bisexual, zygomorphic in cymose 
flowers solitary. Sepals and pefals 5, stamens 4 or 2, epip 
connate, ovary 1-chambered, placentation parietal. Fruit cap 


B. General characters—Plants are herbs, shrubs 
a few are woody climbers and others are epiphytic. 
opposite or in basal rosettes, usually decussate, occasion 
rarely alternate, entire or toothed, exstipulate. Inflo 
or flowers solitary in leaf axils. Flowers bisexual, zygom 
gular), hypogynous, bracteate. Sepals 5, basally connat 
rarely imbricate. Petals 5, connate in a rotate to ampai 
infundibuliform, salver-shaped corolla, mostly bilabiate, im 


ANY UA 
“HW: 
SNe 
MTS 


esneriaceae). 
Achimenes chirita Hort. ex ke int. s. D—Seed. 
Fig. 3.52— i B—Flower in l. S. Cc I 
twig. E—Floral diagram. 


or 2, a staminode otn present, € 
sometimes connate 


ens 4, didynamous, 
pp an coherent in pairs, 
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itudi i lands (5) 
distinct, iscing longitudinally ; necter secreting g 1 
discs cpm no present. Carpels 2, connate : tbe 
x half-inferior or inferior, 1-chambered, placentation pat ~~“ 
placentas are intruded and bifid ; ovules numerous an anas 
tropous ; style 1 and slender, the stigma often bilobed. Freins y 
rarely fleshy and berry-like (e.g. Cyrtandra) Seeds ma y 
DA or ovoid, smooth or tipped with a long hair som 
times ; usually with abundant endosperm ; embryo straight. 


i i t 

iaceae is a large family of 85 genera and abou 

a “orare “distributed in tropical and subtropical regions 
of both hemispheres. 


C. General Floral formula— 4- Š Kes) C), Asoru, Gc) or Go) 


D. Common plants—Achimenes chirita ^ Hort. ex Cor. 
(Himalayan) ; Didymocarpus mollis Wall. ; Tetraphyllum bengalense 


Clarke ; Stauranthera grandiflora Benth. ; Rhynchotechum ellipticum 
A. DC. etc. 


E. Economie importance—Economically, members of this family 
are important mainly as ornamental garden plants. Species of 
Achimenes, Streptocarpus, Smithiantha, Episcia, Kohleria, Aeschy- 
nanthus etc. are most important ornamental garden plants. 


3.39 Family ACANTHACEAE 


A. Diagnostic characters: Herbs or shrubs. Stem and branches with swollen 
nodes. Leaves opposite, exstipulate. Flowers zygomorphic, bisexual, with bracts 
and eom. grum ar HUNE eed or hairy. Style terminal. 
Fruit + tat, capsular. Seeds are on hook-like out: rowths—the reti 
orjaculator. Endosperm absent. $ Hu 


B. General characters—Plants are usually perennial armed or 

uM ‘sid A ix Hag pd od (e.g. Strobilanthus), some are 
e.g. unbergia an ia). i 

Non f. Te cut endoncia). Stem and branches with 


entire. Inflorescence cymos 


Stamindoes 


lobes often unequal and didymous (i.e. 


ume Spurred and hairy ; 
I exines i 

ous a secreting disc js Often edem “apa 
ities aint e zy med) Ovary superior,  2-chambered! 
tion axil. id T€ in each ovarian cham ç 


» Simple and slender, termina]: ber, placenta- 
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bilobed, often 

, unequal. Frui scs 
sepe, more ordei ft. Seir oft atl 
aired: wn as retinacula or jaculators, exalb 


Acanthaceae is a la i ora 
Ei rge family of about 240 genera an 
ions: ch are mainly confined in the tropi 


F 


Fig. 3,53—Asteracanthus longifolia Nees. (Syn. 
And.—Acantbaceae.) A-—Flowering twig. B É 
lip showing stamens. C—Gynoecium with bracts. 
D—Gynoecium. E—Floral d 
F—T. s. of ovary. 


€. General Floral formula—-|- Š Kes) or (4) C? ora» Ago 
D. Floral range—The structure of the flower is : 
jations except in the number | 


there is practically no varia 
which is normally 4; in Pentstemonacanthus st 


Brillantaisia the anterior pair of sta Ç 
so fertile stamens are 2 only. Stamen a Ju. 
etc.; one-celled anther with veste Li a he 
us. In Symplecto : 
Chaetothylax tocantin ymp A 


rolled ; the corolla tube is long slender Í 


genera. 
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Fig. 3.54—Adhatoda vasica Nees. (Acanthaceae). A— Portion of flowering 
shoot. B—Flower. C—Single stamen. D—Gynoecium. š E—T. s. 
of ovary. F—Floral diagram. 


Fig. 3.55 Barleria crist, 
05 fata L. (Acanthaceae), A—; 
_ twig. B—Flower, C—Corolla split shy pa t flowering 
: vary int.s. F—Floral diagram "O ecium. 
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E. Affinity and Systematic position —This far 
related to Bignoniaceae. Acanthaceae also bears c| 
with the families Scrophulariaceae, Verbenaceae 
According to Bentham and Hooker the family Acani 


56— thus tuberosus Nees. (Syn. Ruellia tuberosa L 

Pe oa yet of à flowering CD 7 C 
I i D—Single s! . E—Gynoecium. | 

open shot cing. G-—Ovary in t. s, H—Floral diagram. — 


Don. (Acanthaceae). Ns 
— Justicia simplex Di can Gyni 
Fig. on B-Flower. C SE Am 


les of the 
9th order Persona: 

Ma ten have placed A 
hnb Hutchinson has place! 
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F. Common plants—Asteracanthus longifolia Nees. (Syn. Hygro- 
phila spinosa T. And.); Andrographis paniculata Nees. ; Barleria 
cristata L.; B. prionitis L. ; Hemigraphis hirta T. And. ; Dipterac- 
anthus suffruticosus Voigt non Torr. (Syn. Ruellia suffruticosa Roxb.) ; 
D. tuberosus Nees. (Syn. Ruellia tuberosa L.) ; Justicia simplex Don ; 
J. diffusa Willd. ; Ecbolium viride (Forsk) Alston. (Syn. E. linneanum 
Kurz) ; Rungia parviflora Nees. ; Asystasia gangetica T. And. ; Car- 
danthera triflora Ham. ; Adhatoda vasica Nees. ; Rostellularia procum- 
bens Nees. (Syn. Justicia procumbens Nees.) ; Peristrophe bicalyculata 
Nees. : Nelsonia campestris R. Br. ; Micranthus oppositifolius Wendl. 
(S: Phaylopsis parviflora Willd) ; Daedalacanthus platiferus Gamble 

Eranthemum platiferum Nees.) etc. 


Fig. 3.58. A 
;35—Andrographis pani 
lowerii i paniculata Nees. (Acanth DS TET 
ng n B —Flower. C- Corolla splitopes, oa son ofa 
- 8. of the fruit. F —T. s. of rorem - Fruit, 


Such i ; 
| Standiflora Roxb. etc, age i Justicia, Dipteracanthus, Thunbergi 
, gia 


mental garden plants, 


aa 
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Order Rubiales : 


Herbs, sh 
"OUS; coroll, ; » Shrubs or trees, Fl 4 
chambered, ` “C 7omorphic or zygomorphic, petals 43, “One lea 


3.41 Family RUBIACEAE 


A. Diagnostic ch 
1 £ Characters: Le i orled 
Lee ps pests aged stipules, Flower pred ke i 
es, cymose i el lobose 
ences. Ovary inferior, crowned by foro agama “a l 


& > 
E 
E 


Fig. 3.59 —Ixora coccinea L. (Rubiaceae). A—Portion ofa flowering twig 
B—Flower. C—Gynoecium. D—Single stamen. F—T.s.ofovary. - 
F —Floral diagram. P 


B. General characters—Plants are herbs, shrubs or trees. 
opposite or whorled, simple, entire or rarely toothed, 
(interpetiolar or intrapetiolar stipules). Jnflorescence ba: 
dichasial cyme, the dichasia sometimes aggregated into globose B 
rarely flowers are solitary (e.g. Gardenia). Flowers bi 
regular (actinomorphic), epigynous, 4-5 merous. ‘ 
united, sometimes open in bud, valvate ; sometimes as À 
one of the sepals is brightly coloured and large. Petals 4 to 
in various types of corolla such as salver-shaped, funni 
semi-rotate sometimes etc., lobes valvate, imbricate or 
Stamens 4 to 5 and alternate with corolla lobes i.e. petals, € 
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inserted on the corolla tube or at its mouth ; anthers 2-celled, 
à longitudinally, introrse. Carpels usually 2, united ; ovary 
m. half-inferior, crowned by fleshy disc, ovary usually 
chambered (rarely 3-chambered), ovules anatropous, one to many 
jn each ovary chamber, placentation axile ; style 1 and slender, often 
-brar ; stigmas usually linear, 1 on each style branch, or solitary 
and 2-lobed. Fruit capsule, berry or drupe, sometimes multiple of 
Seeds albuminous ; endosperm fleshy, horny or cartila- 
; embryo straight or curved. 


The family Rubiaceae is large containing about 400 genera with 
. 4800 species which are mainly distributed in tropical and sub- 
_ tropical regions of the globe. 


Y ( ; | 7 D 
C 
(> Fig. 3. t 
d f 


60— 
a amd fonda corymbosa T (Rubiaceae), 
AD pat. lower. C— Corolla Split 


A— Portion 
E—T.s, of ovary. F— Fruit. Open showing stamens, 


of a plant with 
G—Floral 


ula— —— 
Q9 Eu-n, Cras), A4- s, Gc or Ga) 


C. General Floral form diagram, 


D. Floral r Š 
Wide range in floral const’ large dic 
Zygomorphic flo nstructions ; t ough actinom epe has rather 
nd P. osoqueria, J D i 

aptantha) in which 
"gamea the ovary ‘is 
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fully superior. Gardenia has 1-locular ov. 


tion ; unisexual flowers occur in Antho. 
‘Gardenia Solitary flowers occur. 


ary with 


E. Affinity and Systematic Position—Rubiaceae is 
family Caprifoliaceae and to some extent to the family 


Engler and Rendle considered the family advanced and t 
placed it under the order Rubiales just before Campanulales 
ing the family Compositae. Bentham and Hooker placed 
‘before Compositae under the series Inferae of Gamo 
Hutchinson treated Rubiaceae under the group Lignosae in the ` 
Rubiales before the orders Bignoniales and Verbenales. B 


F. Common plants—Jxora arborea Roxb. ex Sm. (Syn. I. par 
flora Vahl. non Lamk.) ; I. coccinea L. ; Oldenlandia coryi 
O. paniculata L.; O. umbellata Lp Mussaenda frondosa Hk. ; 
luteola Deil. ; Catesbaea spinosa L.; Anthocephalus indicus R 
(Syn. A. cadamba Miq.) ; Gardenia jasminoides Ellis. (Syn. G. 
Willd.); Dentella repens Forst.; Morinda angustifolia Rox 
citrifolia L. ; Rubia tinctorum L. ; Hamelia patens Jacq. ; Hamil £ 
suaveolens Roxb. ; Randia uliginosa DC. (Syn. Gardenia pe 
Retz.) ; Vangueria pubescens Kurz. ; Meyna laxiflora Robyns (Sy! .. 
Vangueria spinosa Roxb.) ; Knoxia corymbosa Willd. ; fragyna — j 
parvifolia Korth. (Syn. Stephegyne parvifolia Korth.) etc. 


G. Economic importance—Many plants belonging to = : 
are useful. Coffea arabica L. (Coffee plant) is cultivated ma 
India for the seeds which are roasted and grounded to fomi n 
beverage coffee. Quinine is obtained from the is o 
succirubra Pav. ex. Klot. and C. officinalis L. a x imi 
A. Rich. (Syn. Psychotria ipecacuanha Stocks) is a| ue 
—vinum ipecac is obtained from e plant i me. a m 

Ikaloid is also obtained from this plant. Vang sole fruits 
3 Gumel. (Syn. V. edulis Vahl.) is cultivate edible ! ru 
Many plants such as Gardenia jusminoides, species $ ig 2 
Morinda, Mussaenda, Hamelia etc. are cultivate 
garden plants. 

7 idrils. 
bitales: Herbs or shrubs with ten 

Bude ere cm and epigynous with united petals. 
Synandrium, * Carpels 3. Ovary inferior. 

3.42 Family CUCURBITACE -——— 
A. Diagnostic characters i S Herbi d ad de »in ui 

i ctinomorphic, eran 
Mare PRIN EDS ,Carpels 3 ova e of pep 
cries many, anatropous, bitegmic. Fruit fleshy a 

B. General charaeters—Plants ae Mes : 
tendrils) or prostrate, annual or ees shrubs (e.g. Acanth 
or dioecious succulent herbs ; ME Mee usually palm 
stems often S-angled. ete almi- veined, exstipulate ; 
pinnately 5-lobed or divided, p 


Flowers acti 
Stamens connate 


mo 


qntn054 
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ion: iui which is 
drils* usually present (exception: Ere nsa be simple 
fat Met tho petiole base x icles ; some- 
dp scence cvmose, racemose or pani UK 
E Iure Flowers unisexual, regular (actin P 
flowers are solitary. d (yellow) Sepalbian 
nous, often showy and coloure ge SUR Ne mh 
both in staminate (male) and pistillate (female) ri bicai 
; sepals in a tubular calyx, narrow, aestivation o I esa 
open E nd ; petals often connate in a campanu a cone von 
ate corolla sometimes petals are united at the ba ony a ano 
limb of corolla spreading, Nestle. inane le m 
u in male flowers apparently ; Voie Me Sie 
pairs wi tanding apart ; anthe 
with the 5th stamen s od Curve qe ET oe 
ke. monothecal (Chakravarty, 1954), variously oan eu 
Or convolute or conduplicate, extrorse, ios 
itudi i i le flowers usually 3, 
longitudinal „split. Carpels in female E ARE 
connate ; ovary inferior, Satine bere or app Sec Waa Mu 
ovules anatropous, bitegmic on : 
BEEN Lors paristals ; style 1 (rarely 3), short and thick, 
3, distinct. Fruit large, fleshy berry-like or pepo. Seeds many, 
Ospermic ; embryo straight with large oily cotyledons. 


© family having 100 genera with 850 species is distributed in 
- the tropical regions of the world. 


€. General Floral formula—Male flower— BS Ec, Ct; At; 


r Female flower—@ 9 K, Cis), GG) 
Floral range—In the fa 


eviating from the number of perianth members (which are 
55, differentiated into outer cal i 


though the latter condition is more 
common. In Luffa, Lagenaria, 


remaining genera e.g. Cucurbita, Coccinea, Cucumis, Citrullus, etc. 
are united. In Sechium oy 


ary is one-celled with one ovule. 
xual flowers occur in Schizopepo 


tions in connat 


ion of their parts ; in 
tamens are unite 


d at the base by their 
iO. 


* The morphology of the tendril has been interpreted 
to Braun X p: (1876) the tendril of Cacurbi 


` The placental position is often compli ion i 
i D Plicated, Placentation i 1 i 
"e patrusion and union of Carpellary marging and finally dividi Eur Ab e 


Ing the ovary into 
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filaments, i 
the pikes ae oe 4 of the 5 stamens are united i 
in Momordica, Br one remains free. A simila ed in 2 pairs 
more united s yonia, Citrullus where the uniting Ee is 
celled anthe © that the androecium seems to a aments 
twisting of Ua and one l-celled anther. In Ew : 
column (formi anthers associated with their cohesio es 
except peor synandrium) is noted, here the filam a 
PR yasa ma at the extreme base. In eme 
Matinatiomá. i gos in a central column forming s Vibe 1 
are 5 distinct 7 eee filaments are free. m Fevillea n 
simple. arpels: ie DCUM xq petals, anthers bilocular 
but Sechium edule has single carpel with solitary ovale nah 


Fig. 3.61— Cucurbita pepo L. (Cucurbitaceae). A— Portion of a plant, B—Male 
flower. C—Female flower. D—Androecium, E—Gynoecium. 
F—Ovary in t.s. G—Floral diagram of a male flower. 
H—Floral diagram of a female flower. 


E. Affinity and Systematic position—Cucurbitaceae bears close - 
affinity with Campanulacee in many characters. This family is also i 


allied to the family Solanaceae. 
is controversial. Engler 


The systematic position of the family i: r 
e considered this family being advan i 


: n or 
mopetalae in the order either Cucurbitales | 
Rubiaceae and Compositae. Supporting Bentham j 
has placed the family in polypetalous p j 

m 


d Hooker, Rendle 1 i 
petalae after Parietales in Peponiferae with Begoniacet p, 
Datiscacez. Hutchinson has put it under Cucurbitales next " " 
Passiflorales. EC 

inii ji Coccinia 

Jants—Coccinia cordifolia (L.) Cogn. (Syn. Coco 

rf own Yates and Cephalandra indica Naud) ; Cucurbita 
] 


indica Wight a 
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x Poir. ; C. maxima Duch ; C. pepo L5 Lagenaria 
EE Stand (Syn. L. vulgaris Ser.) ; Cucumis sativus L. ; tlie 
"melo L. ; Trichosanthes dioica Roxb. ; Citrullus vulgaris Sch. T uffa 
angula Roxb. ; Momordica charantia L. ; Bryonia dioica acq. ; 
Melothria maderaspatana Cogn. (Syn. Mukia scabrella Arn.) ; 
thria heterophylla Cogn. (Syn. Zehneria umbellata Thw.) ; Benin- 
casa hispida Cogn. etc. 


- G. Economic importance— The family is of much economic 
importance as many plants belonging to Cucurbitaceae are cultivated 
for fruit-vegetables and edible raw fruits viz.—Cucurbita moschata 
"(the squash), Lagenaria siceraria (lau or bottle squasb), Benincasa his- 
pida (white squash or chalkumra), Cucurbita pepo (kumra, pumpkin), 
C. maxima Duch. (red pumpkin), Momordica charantia (karala), 
Trichosanthes dioica (patal), Luffa acutangula (ridge gourd, tori) 
etc. are cultivated for kitchen vegetables. Citrullus vulgaris (water 
melon), Cucumis sativus (cucumber), C. melo (kharbuza) etc. yield 
edible fruits. Few plants viz. Luffa echinata, Bryoniadioica etc. are 
medicinal. 


Order Campanulate : Herbs, shrubs or trees sometimes. Flowers bisexual, 
rarely unisexual, actinomorphic or zygomorphic, epigynous. Anthers united or 
tendency of such. Ovary 1 to 5 chambered, each chamber contains 1-many ovules ; 
placentation basal or axile. 


$43 Family COMPOSITAE 


B. General cbaracters—Plants are usually herbs, 


(eg. 


: Ray florets—F] 
or E Owers 
to scales or tufts of hairs apii i. Sepals absent, or reduces 


led Pappus. Petals ligulate, usually 
Ometimes absent and a very 


Tegular, epj 
° pa ? » €Pigynous. 
Of the corolla m Pappus. Petals 5, connate in a tubular corolla 


rarely, lobes valvate. Stamens 5 
> 
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Eclipta prostrata L. (S 
j i ° n. £F. 
Run indicum p -Tater p i } nae ( 
aunaea asplenifolia DC. etc. E 


š G. Economic importance— i 
sien as a contains many own and vale E 
viz. rysanthemum, Dahlia, Heli 
Calendula, Tagetes, Echinops etc. Mo 
ndula, £ . Artemisia absinthiu 
maritima L. are medicinal—the 1 i 
drug ‘santonine’, obtained from flowers, Coma 
(safflower, Kusum) yields a kind of orange-coloured dy 
of the same plant yield ‘safflower oil'—used in the mi m 
soaps, paints, varnishes etc. ; this oil is also edible i 
is obtained from Guizotia abyssinica Cass oil is edib 
calendulacea Less. (Kesaraj, Bhringaraj)—the leaves are use 
tonic in the preparation of hair oil. Lactuca sativa (letus, 
Cichorium intybus L. (endiv, kasni) are used as herbage 
Tuberous stem of Helianthus tuberosus L. (Jerusalem arti 
the roots of Tragopogon porrifolium L. (Oyster plant or sal 
used as earth vegetables. t 


3.44 Why the family Compositae is regarded as highest i 
family among dicotyledons ? 


_ The family Compositae, among the dicotyledons, 
highest evolved family. The followers of Bessey's 
schools have given Compositae a high place among the ¢ 


The reasons for such treatment are given below : 

(a) The family consists of largest number of species of và 
habits. The remarkable success of Compositae as evide 
numerical preponderance of genera and species over other 
and its world wide distribution. 

(b) The predominately berbaceous 
marked ; trees are rare. 

(c) The calyx in most genera is wanting or reduced to 
hairs, and in the union of bracts a protection o ee 
imparted. These characters also conform to one of the n 


evolved stages. 

(d) The syngenesious protandrous androecium toge 

epigyny are no doubt advanced characters from 
point of view. 

(e) The ovary is 

The admirable adap 

insect pollination due to 


the flowers, thoug i 
anno ray florets act as flag apparatus ; 


š : ter 
, the pollination mechanism shows grea 
pp Msc ari aris are specially adapted for 


habit in this 


inferior with a single basal ovule. 
tation and specialization of 


d together in 


h small, are aggregate 


SELECTED QUESTIONS diis 


i i fstyle arms 
n dry together with the mechanism [o 1 
i Ka erination impossible. This is a very recent device 
be claimed only in a very advanced family. 


SELECTED QUESTIONS 


y " n H 1 
by classification of plants? Explain the genera 

: en Give S velis of any modern system of classification 
ich you are familiar. 4 
fer articles 1.1 (c), 1.4 and 1.5 (2) P ! 

Vh derstand by ‘artificial’, ‘natural’ and ‘phylogenetic’ systems 

lic: asks ? Discuss the principles on which these are based. 
Bring li d phylogenetic systems 

t the differences between artificial, natural and phylogenetic syste 

itsificat Give aonde of any phylogenetic system of classification of 
the angiosperms you are acquainted with. 

Refer article 1.5 
4. State the main features of the classification of Bentham and Hooker. Is 

n artificial, natural or phylogenetic classification ? Give reasons. 

- Refer article 1.5 (2) 


5. Classify Angiosperms upto orders according to the system you have 


Refer article 1.5, 2 (page 1009) 

6. What are the units of classification of plants? How a botanical name is 
given toa plant? What is an endemic species ? 

Refer articles 1.3 and 1.1 (b) 


Endemic plants are those plants which are confined to certain limited areas, 
r country or island beyond which their existence is neither recorded 


7. Write short notes on :— 

(a) Binomial nomenclature—Refer article 1.1 (b) 
(b) Genus—Refer article 1:3 (page 1003) 

(e) Linnaeus—Refer article 1.5, page 1007. 

(d) 3. D. Hooker — Refer article 1.5, page 1008. 


8. Compare the diagnostic characters of Scitami i 
i l c cte scitamineae with those of Orchi- 
daceae and indicate their Systematic position. Give floral diagrams of both the 


Refer articles 2:17, 2:10 and 2.15 


9. Compare with the help of floral di 
lagrams and formulae, the 
ture of the fl rae and Commelinaceae. 


ively. 
the characters of the following families : 


cardi, H " 
economic plants under each of the above famita acea. Cite two examples 


general struc- 


ticle 3.20 B and (c) refer article 3.19 B. 
; : the following families H 
d ea Me Lek cire (b) Magnoliaceae and N 
: hind - ympha 
(eee eae and Scropt rii eee (d) Capparidaceae and Croce! 
efer articles for (a) 2,3 ; (b) i 


° 311; (c) 3.31, (d) 3.14 ; (e) 3.40 
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12. Give the diagnostic character: 
s of f 
least one plant of economic importance E = bri 


(a) Sterculiaceae ; (b) Anacardiaceae; (c) Labiatae. 
Refer articles for (a) 3.23 ; (b) 3.20 and (c) 3.35 


13. Give the distinguishing characters of any two of the foll 


(a) Palmae,(b) Euphorbiaceae itaceae. 
of each, and discuss their economic aoa RD i 


Refer articles 2.4 for (a) 3.19 for (b) and 3.42 for (c) 
14. Describe fully with sketches the spikelets of : 
Name five plants of economic Importante oni abris : 
Refer articles 2.1 and 2.2 +. 
15. Draw the floral diagram of each of the followi 
formula : 
(a) Euphorbiaceae, (b) Umbelliferae and. (c) Rubiaceae. f 
type you have studied. Mention three economic plants under each. 
Refer articles 3.19 for (a), 3.27 for (b), 3.41 for (c) 
16. Name the families to which the following plants 
diagnostic characters of these families :— > 
(a) Bottle gourd (Lagenaria vulgaris), (b) Cotton (Goss; 
(c) Brinjal (Solanum melongena), (d) Carrot (Daucus carota). — 
Refer articles 3.42 (A) for (a), 3.22 (A) for (b), 3.36 (A) for 
or (d). 
17. Compare the flower of (a) an orchid and (b) a 
Illustrate. 
Refer articles 2.15 (B), 2.1 (B) and 2.7 (B) 
18. Describe with examples the diagnostic 
following families : 
Umbelliferae ; Malvaceae ; Bora 
Give their floral diagrams. 
Refer articles 3:27 (A) ; 3 22 (A); 
19. Describe with sketches the diagnostic 
(a) Rubiaceae, (b) Anacardiaceae, (c) Palmae. 
Cite two examples of economic plants under each of the ri 
Refer articles 341 (A & G) for (a) ; 320 (A & G) for (b) : 
Graminaceae with Cyperaceae, Give their 
for formulae. Name at least three plants of each family- 
Refer article 23 an (C and G) en 
21. Characterise the family 
Give the distinguishing characters 0 
Refer articles 3.16 i 
. Describe the range of flora Š 
loue plants of economic importance 
Refer articles 3.16 2 
; i flowers of 
22. Give the distioguishing characters of khe 
id Marantaceae. 1 2.13: 
(E), 2°12 (D) and 2.1” 


ceae, Cannaceae an 
Refer articles 2.14 ; 2.10 (E), 241 


ginaceae and Musaceae, 


3:33 (A) respectively and i 
features of the fol 


d also articles 2° 


tructures of the family Le 
belonging to this fam 
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SELECTED QUESTIONS H 


owing plants belong and indicate 


2 the families to which the foll 


why you refer them to these families : 


(b) Ipomoea (sweet potato), 


Solanum (potato), À 
sssypiumt (cotton), (e) Corchorus (jute). Convolvulaceae 


rticle 3.33 (A), (D) Family ; 
ticle 3 y Selanaeete ily Cucurbitaceae refer article 3.42 M & Family 
cea refer article 3.22 (A), (e) Family Tiliaceae refer article 3. : 

. Compare the floral structure of Rubiaceae and Acanthaceae with suitable 
s and examples. 

r articles 3.39 and 3.41 ; ; 
Describe the characteristic features of the family Cucurbitaceae ani 
tbe morphology of any plant belonging to the family. 


article 3.42 
Name at 


. Com the characteristic features of Palmae and Musaceae. 
one E fieloesine to each family. Give the floral diagrams and floral 


ie of these two families. 
Refer articles 2.4 and 2.10 
27. Compare and contrast : 
x (d) Apocynaceae with Asclepiadaceae. 
x (b) Verbenaceae with Labiatae. 
© Solanaceae with Acanthaceae. 
Refer articles 3.31 for (a), 3.40 for (b) and (c) 
. 28. Give the diagnostic features of the families : 
= (a) Palmae, (b) Urticaceae and (c) Myrtaceae. 
- For (a) refer article 2.4 A ; (b) refer article 3.2 A ; (c) refer article 3.25 A 


29. Name the families to which any three of the following plants belong, 
why you refer them to these families and state scientific names of the 


(c) Lagenaria (bottle gourd), 


(a) Rice, (b) Coconut, (c) Radish,(d) Jute and (e) Mango. 
A For (a) refer article 2.1 A; (b) refer article 2.4 A ; (c) refer article 3°12 
3 (d) refer article 3.21 A ; and (e) refer article 3.20 A 
30. Give diagnostic characters of the following families and mention two 
ts of €conemic importance belonging to each family : 
A Cruciferae. (b) Apocynaceae, (c) Euphorbiaceae. 
Bere 3.12 (A and G) for (a) ; 3.29 (A and G) for (b) and 3.19 (A and 


31. Describe the ran i i 
à ge of floral structures in the family Cucurbitaceae or 
solanacese. Menticn a few plants cf ecoromic importance belonging to this 


Refer articles 3.42 (D) or 3.36 (D) 
32. Describe with i i istinguishi 
et i e Med pale the distinguishing features between any three 
(a) Magi 
2 E. p E and Nymphaeaceae—R efer article 3.11 
index ceae and Umbelliferae—Refer articles 3.39 and 3.27 
ros ntheceae and Labiatae— Refer article 3.40 
bie; Gramineae and Cyperaceae—Refer article 2.3 


33. Wi Ww ic ç o W. 
rite down the diagnosti c characters of any four of the follo: ing fi l 
8 lamilies. 
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(a) Liliac 
(e) Solanaceae,’ in Lan alvacese, (c) Cucurbitaceae, ( 


Refer article 2.7 (A) f $ 
(d); 3.36 (A) for (e) and 3.35 Wer. for or RE 


34. Give the di i 
atte Salant set characters of the following fam 


(a) Graminez, (b) Tiliaceæ, (c) Cruciferae, (d) Umbellit 
Refer articles 2.1 for (a), 3.21 for (b), 3.12 for (c) and 3.27 


35. Compare t 
alae (o px he structure of a flower of rice (Oryza 


Rice (Oryza sativa) flower 


Maize (Zea mays) 
Flowers are (I 
male and female 


or three carpels; Ist and 2nd glumes 1 
are without flowers i.e. empty. two lodicules. The 
actually biflowered 
sterile i.e. not s 
consequently the 
one-flowered i.e. Ist 
glume has no flower 
oppotten palea ; 
its opposite 

flower with ex 
cules absent. The 
female spikelet are co 


36. Describe the range of floral structures of the family 
mention four plants of economic importance belonging to this fi 

Refer article 3.22 

37. Give the characteristics of the family Orchidaceae. 
belonging to the family. 

Refer article 2.15 

38. Why is the Orchidaceae regarded as the most advanced 
cotyledons ? sei 

Refer article 2.16 

39. Account for why Compositae is regarded as highest evi 
dicotyledons. 

Refer article 3.44 

40. Compare Liliaceae and Amaryllidaceae. 


each family. 
Refer articles 2.9, 2.7 & 2.8 


Name two 


E. EE ice spikelet--1st 
in a rice sp 

* Actually there are 5 glumes 10 © "i^. cular swell 

undeveloped na while ae a 5th one is fertile subten | 


em 
soot ssi wn as lemma proper. 


APPENDIX 


ith particular 

—Natural home of plant(s) i.e. place wi é 

um comment inhabited by plant(s) e.g. aquatic, 
terrestrial etc. 


(B i b or tree—whether 
- Hasrr—Mode of growth i.e. herb, shrub o; 
w erect, prostrate, trailing, twining or climbing etc. 


i i f the root i.e. 
Roor—If found with the specimen, then nature o 
tap or adventitious root, branched or unbranched etc. 


— Kind of stem—herbaceous or woody ; erect, prostrate 
dm climbing ; Solid or hollow ; jointed or not ; branched 
or unbranched ; shape—round, square, ribed etc. ; surface 
—glabrous (smooth) or pubescent (hairy); colour of 
stem ; any other special modification e.g. phylloclade etc. 
LzAr— Nature of phyllotaxy (alternate, 
or decussate, or whorled) 
petiolate or sessile ; exsti 


opposite—superposed 
; insertion i. e. radial or cauline, 
pulate or stipulate (nature of 
stipules) ; simple or compound (nature of compound 
leaf); shape of the lamina (ovate, obovate, elliptical, 
oblong etc.), venation of the lamina, texture of the 
lamina (coriaceous, succulent etc.) ; surface of the lamina 
(glabrous or pubescent), margin (entire, serrated, dentate 
etc.), apex (acute, Obtuse, mucronate etc.) base, colour, 
odour etc. of the lamina ; any other modification. 
INFLORESCENCE— Type of inflorescence i.e. racemose (type of 
Tacemose), cymose (type), special type, etc. 


FLoWrR— Bracteate Or ebracteate ; sessile 


Complete or incomplete ; unisexual or hermaphrodite 
(bisexual) ; actinomorphic (regular) or Zygomorphic 
(irregular) ; YPOgynous, perigynous or epigynous : 
Shape, size, colour and odour of the flower. 
(a) Calyx— Cohesion ie. 


of sepals or lobes re mosepalous ; number 
(deciduous) ; 


; €. persistent or not 
(decid Superior or inferior ; aestivation 

kl imbricate etc.) ; shape, Size, colour etc. chien 
) Corolla—Cohesion 


le. Polypetalous or a ; 
fo peral or lobes ; duration on cot ua: 
> aestivation type ; Shape, Size, colour, odour etc 


or pedicellate ; 


3 
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Perianth—When calyx and corolla are not ¢ 
term rerianth is used ; perianth may be 
eae hes (petal-like) ; polyp 

ophyllous (uni 2 characters 
calyx and Cos Es I 

(c) Androecium—Number of stamens : free or 
among themselves i.e. cohesion or 
members ie. adhesion); nature of col 
phous, diadelphous, polyadelphous, 
Synandrous); nature of adhesion—epip 
llous etc ; stamens exerted or inserted, 
tetradynamous; length of filament ( 
surface of filament (glabrous or pubesc 
of anther to the filament i.e. basifixed, ¢ 
etc. ; number of anther-lobe i.e, unilocular | 

or bilocular (two-lobed) ; presence of a 
dages, if any. 


(d) Gynoecium—Number of carpels ; free (apocarpo 
(syncarpous) ; adhesion with androecium 
ovary— superior or inferior, shape of ovary, ` 
ovary chambers i.e. loculi, nature of p T 
marginal etc.), number of ovules in each « 
style—number, free or united, terminal © 
gynobasic, size and shape; stigma—m 
(smooth or papillose) and shape 
branched). 


Floral Formula— Give floral formula of the flo 
given specimen. 


H. Fruit—Nature (true or false, dehiscent or inden 
fleshy) and type (capsule, berry, drupe ete.) 


I. Srrps—Number of seeds in the fruit ; shape and size 
(exalbuminous or albuminous). 4 


N.B.—The description of plant must be accompanied 
labelled sketches of different parts pecia 
to Floral diagram. 


2. Instruction for the Colle 
methods of Plant Collection £n 


Field data 

i i ious methods 

fore the discussion of the various 
viene say something phone mde E 
essary for convenien tion. 
Mec! for the collection of specimens in the field 
1 Vasculum—Vasculum isa light m 

or alluminium) of suitable size (50x si d 
provided with à hinged lid that opens upward, h 


ction of Specimens in 
d their Preservation, 
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lants are 
s so that a strap may be used. As soon as p 
d b field they should be placed in the vasculum and the 
lid of the container must remain closed. If the weather is dry an 
ot, the plants in the vasculum should be sprinkled with a little 


um 
Where a vasculum is not available, bags made of cloth, paper and 

© can also be used for collecting plants. Cloth and paper 
must be air-tight ; the former type is made air-tight by soaking 
in water, while latter type it made of stout paper becomes 
automatically air-tight. Besides, to carry some specimen tubes or 
"bottles made of glass or plastic, is very important in outings into 
the ficld—these tubes or bottles contain preserving liquids and 
within which delicate or very small plant materials are generally 


- preserved in fresh condition. 


— 2. Knife—A knife with two sharp blades of different sizes or 
any other similar cutting tool is very essential for collecting plants in 
the field. If is very important because branches and other plant parts 
should be cut neatly otherwise plant parts (specially in case of fibrous 
plant) may be damaged if they are cut or broken by hand. 


_ 3. Magnifying lens—A hand lens of about x10 magnification 
is very essential in the field to study the delicate and more less 
minute plant parts. 


4. Rough and Fair Field-note books and Pencil—Any type of 

y rough note book (preferably pocket-diary type) is very im- 
portant for taking notes on the spot in the field. Entries of notes in 
field-note book must be made in lead pencil, ink or copying 
Pencil should not be used as they are much affected by moisture and 
he aaa On return to the college or home, all the notes 
tá so far noted in the field must be entered carefully in ink 
Ee ie. fair field-note book; this fair field-note book 
Signed by teachers who conducted excursions and kept 


neatly od tend field-note book is to be submitted at the time of 


Besides the above mentioned four j 
our important field i 
Ts may carry also following articles in the field ee ne 
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better to leave the presses a ii 
REF IAS presses at home or college laboratory w 


7. Pruning shears—Prunin eners 

_ Pri g shears of ve 
Hcl in the field for cutting branches frou MN se 
for cutting branches from spiny shrubs or climbers. 


8. Photographic equipment—If available, ph 
s , photograp 
ment ie. camera of any type should be is to the fi 
photographing plants in their natural habitats. Photogri 
e aon in aad and of individual plant or even. 
Shou e taken. ese photographs sh tered 
into the field-note book. EE i 


A. METHODS OF COLLECTION OF SPECIMENS IN THI 
In case of the study of the flora of a particular area or a 
every specimen should be collected in leaf, flower and fru 
possible in various stages of development of the flowers : 
in case of herbaceous plants, roots or underground parts lik 
rhizomes etc. should be collected, which may be essential 
identification of the plant. Again when a plant shows 
fruits and leaves in different seasons in the year, then all 
various stages should be collected In the life cycle of plant. 


^ 
Generally it is possible to collect several specimens of each 
but for students it is not necessary to make extensive collectio 
that ample duplications may be avoided. Another important | 
to be remembered is the size of the specimens to be coll 
The specimens from shrubs and trees should be of a size wilt 
30.0x20.0 cm, so that they may be placed nicely on the 
barium sheet ; again they must not be very small in size iat 
they look ridiculous on a large sheet. In case of herbaceous 
there is no choice in this matter because the plants themse 
rather small. 
B. METHODS OF PRESERVATION OF PLANTS: As soon. as 


field, they should be put in the 


after collecting specimens in the 
having appropriate number of old newspaper or blotting bre 
The specimens should be laid carefully between sheets of ne 


i sed by | 

blotting paper and then they should be tightly pres 
oads of the Drei with rope or by putting weight on the 
board or there may be some sort of spring attachment. 


i i t importanc 
t, changing of the drying papers is of grea a 
i be the Amboi and frequency on oann ERE 
the character of the specimens : v 
i then several 
Changing every day for 2-4 days an hon ove 
intervals is a good practice. But for s 
Ghar speclneós during monsoon, changing every day for 


most effective. 2 - $ 
i d in the press 

the specimens have been drie he ! 

it piede to expos the specimens to sun or air in order um 
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> 1 dry 
them tely, Then specimens should be stored in perfectly 
ome until an mounted on herbarium sheets. The 
perfectly dried specimens are generally mounted on heavy herbarium 
sheets to support them in handling. The international size of the 
herbarium sheets is 41.7:«26.5 cms. (16.5 10.5 inches). The dried 
specimens are mounted on the sheets by different methods e.g. the 
entire specimen may be mounted on the sheet by glue or the speci- 
men may be fixed to the sheet by means of gummed cloth or paper: 
strips of about 1 inch width and about 1 inch long or specimens may 
be fixed to the sheets by stitching. The last method is more con- 
venient because one can pick up any portion of the specimen from 
the sheets for future study. Herbarium specimens are generally 
preserved by poisoning in saturated solution of mercuric chloride in 
alcohol. 


The tubed and bottled specimens for general morphological work 
are to be preserved in 5% formalin solution. Concentrated for- 
maldehyde can easily be carried to the field and the 5% solution of 
formaldehyde prepared with the addition of plain water. For gross 
anatomical work, formalin may be used but for finer anatomical 
work formalin is not recommended, because formalin hardens the 
tissue and also considerably disfigure the finer internal details. 


Hence for finer anatomical work the following preservative is 
recommended :— 


Ethyl alcohol (95%) ET 50 cc. 
Glacial acetic acid z 5 CC 
Formaldehyde (40%) ... 10 cc. 
Water 35 cç. 
The above mentioned preservative 
logical and embryological studies. gin ieia 
C. LABELLING AND FIELD DATA Each hi i 
AD ) = erbarium sheet m 
einn uisum of anro and which is the rera 
men, the i i 
Dike lection ae ae pee date of collection and the name 


xe REIN ihe collection 
900K on return to home at the 
Portant information is pm Cobain 


PALAEOBOTANY 
( Paleobotany) 


cuarren! Introduction 


Li Wheat is Palacobotany ? 


i under the division Palaeo- 

Lo cdd ~ ee p pein studied by means of fossils. 

know Me f = plantlife has been gathered from the fragmen- 

es g = eserved on stratified rocks. t Palaeontology 

"Y ry Geological Science which deals with prehistoric 
A of life through the study of animal and plant fossils. 


L? What is Fossil? 


Fosil ins of the past. The word is derived from the 
Latin wa Ar pr dig). M catus to Arnold (1947) fossils 
be defined as “the relic of some former living things—plants or 
aiak embedded tn or dug out of the superficial deposits in past 
basis j h i tal con: 
ilisation depends upon the environmental con- 
PL in erm tne place. There is a greater chance 
fossilisation 


harder parts than softer parts because the softer 
E are liable "ua up AU. The entire plant cannot be fossi- 
>J as a whole but usually leaf, seed, trunk, strobili etc. become 


fossilised separately. eric name is given to a Toot, a stem, a 
leaf, a strobilus etc. and the genus is termed as form genus or arti- 
Sicial genus. 


1.3 Types of Fossil Plants 
1. Mineralised plants or Petrifications :— 
e€xterpal form and the internal structur 
_ in original form e.g. silicified wood, coal-balls etc 
vegetable fossils which preserve every cell of the plant tissue, each one 
Perfectly d as if in life". the organic 
tissues of normal cells are repla her mineral 
to form a hard stone. 


Coal balls are irregularly rounded Concrete masses, 


commonly 
calcite (calcified) containin 


8 preserved fragments of coal 


s2 Compressions: The great pressure 
takes place makes all round or solid organs t 
1 son the fossil forms a carbo 


- 0r Incrustations : In the for 


m of cast the ext 
» Theplant is ernal form 


es carbona ceous substance 
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4. Mummified plants or Compactions: Plants or | 
ments are compressed by means of vertical pressure cay 
one another, called compactions or mummified plants. 


5. Impressions : The leaves or any other organic 
falling on a partly rigid clay forms an imprint on its surf; 
impression. Finally the impression is permanent when 
become solid to form a Stone. As impressions the O 
leaves, flowers and seeds are Dreserved. “They seem to be 
specimens laid on the stone.” Impressions of fossils 
original soft matrix, 


6. Amber: Certain fossil conifers excrete resinous si 
from the injured parts, which after falling on the forest flo 
and are stored over long ages. Sometimes amber covers 
fossils of flowers or insects. 


1.4 Rocks and their different types 

Generally in majority of cases rocks are found to be ma 
minerals. Withering and metamorphism can bring 4 
changes in the pre-existing rocks. Metamorphism is cons 
withring is destructive. Because the latter removes the pro 
rock by decay. Crustal rocks i.e. rocks whose outer portions 
becomes transformed into new types of rocks under the we 
the following conditions 1— (a) the intense pressure, (b) by 
of increased heat or (b) chemically active migrating os ‘an 
formed from molten rock material. The change of pe 
rocks into new types by the above agencies is called meta 


Rocks may be divided into three major groups—(i) 
(ii) sedimentary and (iii) metamorphic. 

1. IGNEOUS ROCKS—These rocks are formed by the action 
and heat inside the earth. 


i i k composed e: 

ite—It is a coarse-grained roc. i 
of oie Tope ad mica. Itis crystálliad Bn in large 
within the crust ; such rocks are also called plutonic. 


i fine-grained roc 
lt—It is a dark-coloured very u- 
mL, e flowing lavas which quickly cooled down. » i | 
are called Volcanic rocks. " X 
2. SEDIMENTARY nocrs— Thess are produced m ext , 
isting rocks of a Les hod 
rend pn a n ait and water. Due to heavy r i6 
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the original rocks are carried to the seas, river mouths etc., where 
they settle and gradually form the sedimentary rocks. 


(a) Sandstone and shale—A piece of sandstone is seen to con- 
sist of grains of sand identical in appearance. It is made up of 
fragments derived from the disintegration of some older rock, such 
as granite, which possessed the same minerals. It is a fragmental 
rock and should be powdered gently. 


The very fine-grained sedimentary rocks, corresponding to mud, 
are called clay, mudstone or shale. Clays are soft, dull-looking 
rocks which can be washed by water into particles. 


(b) Limestones—Limestones are accumulations of Organic 
remains and are composed of calcium carbonate. It is a harder type 
of rock. _ They effervesce quickly when acid is applied and give off 
carbon dioxide leaving behind only a little sand or mud. Limestones 
are thus seen to be deposits formed from dissolved materials, 


- ne gene are mainly composed of rounded grains that look 
€ insects egg or sea-lilies. They are made up of broke i 
derived from the hard parts of animals or plants. P Ni 


3. METAMORPHIC ROCKS— roduced on pre-existi 
kinds by internal procie 722 E sss pt all 


rock and readily respond to thi | 
caine iade p e effects of heat, 


The term marble is restricted to li ones which h. 
€ t i e 
iin ar limes 1 ave been 
completely Tecrys 5 zed by metamorphic processes during their burial 


(b) Slate—Clay- - 
Büro; ay-tocks pass into slates when hardened by 


This structure is neither stratificati 


fissure or cleavage, oft on, Dor lamination, 


n €n of great perfection. s 

slaty cleavage depend 

flaky minerals are d: pends on the orderly arrangement of mi 
EcL ansia. clay and chlorite within the gee 


uce a roofing sl 


The original rocks of 
-theo the ea 
are carried to the seas, rivers in la S qaa roken into 
€ coarser materials ve i : 
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1.5 Factors in Fossilisation i 
recurs for the process of fossi NE a 
n poenang water, (b) low amount of available o; F 

tration by mineral substances, (d) protection RI 
and (e) prevention of autocatalytic or microbial decom 


1.6 Fossilisation process— Duri Ocess e. 
the protoplasmic contents of the calle Pre Jima d he 
parenchymatous cells begin to disintegrate but harder 
tous Or cutinised tissues try to withstand disintegrati 
growing pressure of the heavy sedimentary rocks develops, 
forces watery and some organic substances (marsh gas oi 
acids) to come out. Thereby the fossils are highly compresse 
final result depends upon the environmental conditions, 
times cell structures and even cell contents are found in foss 


There are two theories regarding fossil formation viz. 
tration theory and (ii) molecule by molecule replacement thi 


(ü) INFILTRATION THEORY—The concept of this the 
precipitation of the mineral matters takes place which | 
infiltrate the cell walls. This process is brought about b 
mineral elements like silica, CaCO,, MgCO,, FeS etc. Ac 
this theory, a process is involved where infiltration of 
substances takes place first and which is then followed 
pitation due to interaction between soluble mineral s 
in the surrounding water and certain compounds relea 
partial disintegration of plant cell walls. In this process free 
is released which reduces the sulphides present in water. 


ess Free carbon, carboxylic acid, | 
| humic acid, H,S etc. 


due to bacterial 
activity 


Some reduction — 
takes place — 


Reacts with soluble 7 q 
salts present in water, 
result insoluble minerals like 
silicates, iron compounds, | - 
pyrites ete. are formed 
are precipitated and 
ted in plant tissues. 


of semi-buried plant 


“Partial disintegration | 
remains 


ii) MOLECULE i 
x. decomposed material molecule: 
imply replaced by ec r 
tane, ton pnus or silen, Some tug 

re noted. 1 : 
Peri: plant remains original cell wall matter 1$ always 


1.7 Types of Fossils ; zi x 
(a) Microfossils— Microscopic fragments of pasi pn 


in coal and other sedimentary deposits etc. 
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(b) Megafossils—Larger fossil remains visible to the naked eyes. 


ition of 
Chemical fossils—Formed as a result of the deposi 
CLP t include sulphur and iron deposits. 


(d) Sub-fossils—Remains held within recent deposits. 


sils—The remains of organisms entombed in a 
7A. med older than the fossils themselves i.e. these are 


DU not of the age of the bed in which they are formed and are 
derived from older beds. 


(f) Index fossils—Relic of the former organisms which gives 
indication of the geological age to which they belonged. 


18 Geological Periods 


——— — 


Era | Period | Epoch Age in years i e 
< Recent Recent | 30,000 — Herbs ; 
Quaternary | Pleistocene 1 million Modern conifers 
and flowering 
plants 
Cenozoic Tertiary Pliocene 17 million Primitive modern 
Miocene 30 million | species of ^ seed. 
Oligocene 40 million plants associated 
Eocene 60 million with species that are 
Paleocene 80 million extinct. 
Cretaceous 110 million Start of modern 
forest 
Jurassic 170 millio 
ok rassi illion Cycadales 
Mesoz: Triassic 200 million Rise of Bennetti- 
tales, diversifica- 
A T _tion of conifers 
Permian | 240 million Coniferales and 
; | 4 Voltziales 
Carboniferous Pennsylvanian Pteridospermae 
" (Upper) Rise of Lycopsida 
| Su million Sphenopsida and 
| Mississipian | p, eropa. Priva» 
Faora wer) lence of Psilophy- 
Palaeozoic Devonian 360 mien no 
| million | First land plants 
- I eematophytales) 
iluri | Da en i 
urian | 375 million Algae, Viopbyta " 
J| Ordovician j pp calcareous 7 
420 million Different types of 
Cambrian 5 illi algae 
joe n | 50 million 
teroz 1500 million - ia <> 
— | inca ia, cand 
BSAN LA tí 
3800 million Bacteria -ee 


CHAPTER II Gondwana Flora a 


An extreme glaciation in the Southe i 
towards the end of the Carboniferous Ee bv. 
the older vegetation. But the contemporary Northern. 
to have flourished. In the wake of the climatic change 
an entirely new type of vegetation appeared, termed as 
flora. The name Glossopteris was given after the gen 
predominant at that cold temperate climate. The flora posse: 
number of species with scarce arboreus forms. Few tree 
sharply marked growth rings. 

H. B. Medlicott (1872) proposed the name Gondwana, 
Gond Kingdom of the Madhya Pradesh governed by the f 
Rani Durgabati during the reign of Akbar, for the ar 
fossils resembling Glossopteris flora were discovered. But th 
Gondwana was published later by O. Feistmantel (1876) 


The first traces of Glossopteris flora were discovered i 
also the idea of a distinct Southern Continent arose from h 
Gondwana Flora covers the period of Upper Carboniferous 
and the continents during the period is quite different from v 
present to-day. In India Permian period is the greatest cc 


age. - 
At that time there were three continents like—(a) AU 


continent (includes Europe and North America) to the | 
Siberia and North Ching 


(b) The Angaraland (includes 

North—East and (c) Vast Gondwana land on the South 
India, Africa. Australia, South America, and Antarctica 
great sea of Tethys separated in the continents. In the Ci 
drifting gradually resulted in the present positions. The 
continent of Gondwana land was separated from the Norti 
means of Central Tethys Sea which spread from 


Mediterraflean regi 

Gondwana land inclu 

Islands, most of an d 

Tasmania and Eastern Antarctica. 
i teris flora were 

Coming after a great Ice-age, the Glossop 

be wer distinct from the contemporary floras 2 d N 

hemisphere. The new forms of life which are bee 

Gondwana Land, must be essentially an indigenous p , 

of Southern origin. cM 
i i i sopteris flora 

Fox believes that in India wt o x eae 


i i eared. i 
es s ae disaPPrmaintain a vegetation. 


gradually grew warmer to BE G oi 
Between the Godavari Valley Ane and ebanista the I 
t of India and Ceylon 


rocks were developed. 
Gondwana rocks are foun 
Upper Gondwana rocks. 


d. East coas 
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rocks occurred in the following areas :—(a) Damodar 
erat vede (6) Madhya Pradesh, extending south east into 
Orissa along the Mahanadi valley and (c) formation of elongated 
band along the Godavari River. 


Fox classified Gondwana system into two divisions :— Lower 
and Upper Gondwana. But Feistmantel and Vredenburg 

classified Gondwana system into three divisions :—Lower, upper 
and middle Gondwana equivalent to Permian, Triassic and Jurassic. 


The bipartite divisions as proposed by Fox and the tripartite 
division as proposed by Wadia (1957) based on the classification 
by Feistmantel and Vredenburg are given below : 


Sequence of the Gondwana Groups as proposed by C. S. Fox :— 


Mahadeva 
Series | 


Lower Gondwana Upper Gond 


Sequence of th 
on the classification 


Hirapur 


~~ The basis of the binan 
op ^ partite 
5 Veron are characterised by the Occurrence of th ; 

RP tome € strata above the Panch the Glossopteris flora 


Umia Upper Jurassic and 
š yoy { Jabalpur Lower Cretaceous 
Saugat 
Rajmahal ota Jurassic 
Seri Rajmahal 
| Parsora 


Maleri 
Panchmari 
Triassic 


de { omnl 

ies i 

Damuda angli 

Talchir Permian 
Series Carboniferous 


€ Gondwana Groups as proposed i 
ay pre de prop by Wadia based 


ana system suggested by Feist- 


mantel and Vredenburg fI 
Li 
8 ( Umia U i 
pper Jurassic and 
EE ee Lower Cretaceous 
E UR a Upper Jurassic 
jas 
š š pleri and Reaper and 
EE Mahadeva haetic 
© | 9r Pachmari Muscelkalk 
Q | Panchet Bunter 
g 
sÍ p 
< š Š amuda Upper Permian 
Talchi 
š Š chir Upper Carboniferous 


division is that, the strata below the 


et is Characterised by the Priloph; tne 
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LowER GONDWANA PLANT FOSSILS (i.e. Glossopteris flora) 


Talchir series :—named after the State of T. alchir in ; 
Equisetales :—Schizoneura sp. E 
Filicales— Alethopteris sp. 
Perd E sp., Gangamopteris 
P+» 
Cordaitales—Noeggerathiopsis sp. 
Incertae—Samaropsis sp., Cordaicarpus sp. etc, = 
Damuda series :—named after the Damodar river. 
Karharbari Stage :— d 
Equisetales—Schizoneura sp., Phyllotheca sp. — 
Pteridospermae—Glossopteris sp., Gangamopteris Sp. — 
Gondwanidiam sp. 
Sphenophyllales—Sphenophyllum sp. 
Cordaitales—Noeggerathiopsis sp., Dadoxylon sp. 
Coniferales—Araucaria sp. Buriardia (Voltzia) sp. 

Barakar Stage :—named after the Barakar river. 
Equisetales—Schizoneura sp. Phyllotheca sp. 
Sphenophyllales—Sphenophyllum sp. 
Pteridospermae—Glossopteris Sp., Sphenopteris sp., ' 
Cycadophyta— Taeniopteris sp. 
Ginkgoales—Rhipidopsis sp. p 
Incertae—Barakaria SP., Callipteridium sp, SaM 

Cordaicarpus sp., etc. 

Barren measures—Consists of Iron stone shales | 
Lycopodiales—Bothrodendron sp. MUS 
Pieridospermae—Glossopteris Sp. Gangamopteris SP- — 
Cordaitales—Noeggerathiopsis sp. B 

Raniganj Stage :—Found in the area of Raniganj coal-field- 
Equisetales—Schizoneura Sp» Pilotes sp: 
Sphenophyllales—Sphenophylium sp: 

i = Sp. 
Filicales—Alethopteris sp Gangamoptet is spa 


Glossopteris SPP+» 
Pteridospermae— vs : ISphenopteris sp. 


Cycadophyta— Taeniopteris spp: 
Ginkgoales—Rhipidopsis sp- 
Coniferales—Buriardia sp. 
Incertae— Dictyopteridium sp. 


1 
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Panchet series—named after the Panchet hills. 


isetales— Schizoneura sp. à : 
EE Cher spp , Pecopteris sp., Cyclopteris sp., 
Vertebraria sp., Thinnfeldia spp. 


Cordaitales— Noeggerathiopsis sp. 


Upper GONDWANA PLANT FossiLs (i.e. Piilophyllum flora) 


Mahadeva series—named after Mahadevi hills, situated near 
Panchmarhi. 


Panchmarhi Stage—Carbonaceous material not found in this stage 
Maleri Stage—named after the village Marweli in Andhra Pradesh 


Coniferales— Mesembrioxylon sp., Araucarites sp., Elatocladus sp., 
Athrotaxites sp. 


Rajmahal series—named after the Rajmahal hills of Bihar 

Equisetales—Equisetites sp., 

Lycopodiales—Lycoxylon sp., Lycopodites sp. 

Filicales—Danaeopsis sp., Gleichenites sp., Coniopteris sp., Mara- 
ttiopsis sp., Phlebopteris sp., Pecopteris lobata Sp., Rhizomo- 
pteris sp., Sphenopteris spp., Protocyathea sp. 

Cycadophyta— Bucklandia spp., Beaniopsis spp., Dictyozamites 
spp., Cycadinocarpus spp., Nilssonia Spp. Otozamites sp., 
Pterophyllum Sp. Ontheanthus spp., Ptilophyllum Spp., 
Taeniopteris spp., Sahnioxylon sp., Williamsonia Spp. 

Ginkgoales— Baiera Sp., Ginkgoites sp. 

Coniferales—Alisporites Sp., Araucarites s 
Coniferocaulon sp., Conites Spp., 
Dadoxylon (Araucarioxylon) spp., Ela 


strobus sp., Mesembrioxylon sp., Nipanioruha s Ni io- 
strobus sp., Ontheodendron Sp., + Page saa 


; Pagiophyllum sp., Podos- 
Porites sp., Retinosporites s -» Stachyotaxus sp. 
Taxoxylon sp., Torreyites pai > | ats 
Caytoniales—Sagenopteris sp. 


Pentoxyleae—Carnoconites s ittingeri, 
C Pp., Haittingeria s m i 
3 us Nipanioxylon Sp., Pentoxylon s si ii laa 
certae—Podozamit, : ji i i 
a >. es sp., Rajmahalia Sp, Sakristrobus Sp. 


Kota Stage— 


P., Brachyphyllum spp., 
Cupressinoxylon Spp., 
tocladus sp., Masculo- 
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Coniferales—Araucarites s| Spp» 

3 pp., Brach: llum 

C Med e qe Spp. > Bre sp , 
esembrioxylon spp., Retinosporites Sp., 


Incertae—Podozamites sp. 


Jabalpur series 

Chaugan Stage— 
Pteridospermae—Thinnfeldia sp. 
Cycadophyta—Dictyozamites Sp. 
Coniferales—Pagiophyllum sp. 


Jabalpur Stage— 

Filicales—Alethopteris Sp» 
chenites sp. etc. 

Cycadophyta—Otozamites Sp. Ptilophyllum sp-, vil 

Ginkgoales—Ginkgoites sp. | 

Coniferales— Araucarites spp. Brachyphyllum 
Desmiophyllum SP.» Elatocladus Sp» 
Retinosporites SP-> Strobilites Sp. 

Incertae—Phoenicopsis 2 sp» Podozamites SP. — 


SELECTED QUESTIONS 
9 State briefly how plants become fossils. i. 


Taeniopteris Spp.» 


Cladophlebis sp» © 


1, What are fossils 

Refer articles 1.2 and 1.6 Ne 

. What are plant fossils ? What are the different PEO” 
plants become fossilised ? Give an example of an In fossil plant 


Refer articles 1.2, and 1.6 


ERRATUM E" 

Page 1085 under General Floral formu 
read (1) Mate ñower—@óPs- À 

(2) Female flower— D? Ps- 
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cell structure 391 
classification 397 
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evolution of sex 404 
life cycle types 395 
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Allium cepa 1038, 1039 
Allium type of embryo sac (female 
gametophyte) 138, 139 
Alkaloids 84, 213 
Allogamy 141 
Alocasia indica 1035 
Alstonia scholaris 1105, 1106 
Alternate phyllotaxy 63 
Alternation of generations 
— in algae 396 
— In angiosperms 1024 
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Amphigastria 763, 764 
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Amylase 209 
Amylase stars 493 
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Amylopectin 208 
Amyloplsats 205, 209 
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Anabolism 1 
Anacardiaceae 1087 
“Anacardium occidentale 1088 
Analogy 81 
Analogous organs 81 
Anaphase 230, 239 
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Anatropous ovule 127, 128 
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Andrographis paniculata 1129 
Androgynophore 108 
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Animals, dispersal of seeds and pe 


isogametes 390, 394 
Anjsogamy 390, 394, 426, 436, 540 
Anisocytic stomata 284 


Js 2 
pei ings 352, 353, 355 


Annular thickening 22 


E non-adaptive type 378 
ic stomata 284 


Anomocytic 


developmen of 13 
o! 
fotos of 117, 118, 119 


Antheridia 751, 765 


STUDIES IN BOTANY 


Apices of leaf 51 


Antheridial cell 845, 846, 87; 


— filament 493, 494 - 

— initial 836, 894 
Antheridial jacket 752, 759, ' 
Antheridiophore 775, 759 ` 
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Anthocyanin 233 e 
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Apogamy 158 741 
Apomixis 
Abophysis 786, 187, 792 
A 41 


spory 156. 
Abothecium 629, 630, 651, 65: 
= angiocarpic 


a op 
Appendages o corolla 109 
— o! 
Appos 


oe au eroe | 7 
106 


TELE 


629 


ium 644, 648 
pee rem 711, 712, 718 
Ascomycetes 
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Aspergilloses 646 ` 
Aspergillus 643-646 
Assimilation 1, 2 
Assimilator 483, 502, 503 
Assimilatory root 21 
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Bieten d berries 161 
Bacillariophyceae 505 
Bacillus 721, 722 
Bacteria 720-731 
Bacteriology 5 
Bacteriophage 728 
Balausta 161 
Bamboo leaf anatomy 338 
Bambusa sp. 1028 
Banana leaf anatomy 337 
Banyan , "tJ 8: 5, 336 
Bangioideae 552 
Barberry leaf 681. 685 
Bark 364, 365, 382 
Barley plant (Hordeum vulgare) 1028 
Bars of Sanio 229 
Basal cell 152, 153, 679, 680 
Basal placentation 123, 125 
Basalt 1154 
Basella rubra 73 
Basidial stage 680 
Basidiocarp 665, 689, 692 
Basidiolichen 711 
Basidiomycetes 585, 586, 589, 661-695 
Basidiospores 580, 586, 667 
Basidium 666, 680, 687, 691 
— formation of 667-668 
Basifixed anther 117 
Rast fibres 259 
Batrachospermum 556-561 
Bean seed 173 
Beggiatoales 729 
Bennettites— Cycadeoidea 925, 926 
Bennettitales 924, 928 
Bentham and Hooker’s system of 
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_ — root anatomy of 376 
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— scope of 5 
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B. spectabilis 1061 
Brachymeiosis 627, 651, 655 
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— traces 300, 301 
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Brassica sp. 9, 129, 1070 
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Cabomba 1063 
Cabomboideae 1063 
Caesalpinia sp. 1078 
Caesalpinioideae 1075, 10 
Caducous calyx 108 
Calamites 851 
Calamophyta 810, 84g 
Calamopityaceae 921 
Calamostachys 853-854 
Calamus sp. 1033 
Caliciales 718 

Callose 267 

Callus or callose- 
Calotropis 1106, 1108 

— pollination mech; 


Calyciferae 1016, 1017, 1018 ` 
Calyciflorae 1009, 1010 
Calyptra 740, 745, 750, 766, 786, 
Calyptrogen 247, , 
Calyx 99, 100, 101, 108 

— duration of 108 

— modifications of 108 
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activity of 358 
— structure of 357 > 
Cambium ring 191, 345, $ 
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Campylotropous ovu É 1 
Campy re 1044, 1046, 1047 — — 
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Capillitium 694 
Capitulum inflorescence D: 
Capitulum, primary 494, 479 
— secondary 494, 495 
Capparidaceae, 1010; 171 — 
Capparis sp. , ; 
740, 745, 761. 762, 
Capsule 159, 12,119, 
Carbohydrates 202, 207 IR 
Carcerule 164 
Carica papaya 1 
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Carpel 
polymorphism 120 
Carpogonial branch 551, 563, 564 


Carotenoid pigmen! 

119, 120 

— filament 558, 563, 564 
, 558, 559, 563, 

Carpogonium 551, 554, 558 TR 
Carpophore 163 
Carpospore 53, 554, 560, 565 
e dita 551. 554, 555, 560, 565 
Carposporophyte 551, 554, 565, 567 
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Carrot 16 
Caruncle 173, 174, 1085 
Caryophyilacsous corolla 110, 111 
60, 1 
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dot 290 
— strip (or band) 290, 325, 326, 327 
Cassia sp. 1077, 1078 
Castor seed 


— germination of 184, 185 
— structure of 173, 174 
Gataphyll 88 
Catharanthus sp. 1104, 1105 
Catkin 88 


Caudate leaf apex 51, 52 
Caudex E 883 


Caytonia 923, 924 


Caytoniales 923 

Cell 1, 192, 194, 195, 197 
definition of 194 
formation of 234 
history of 194 
plate 218, 219, 236 
sap 197 


structure of 194 


Cell wall 3, 194, 195, 197, 218 
— chemical nature of 220-222 
ical changes of 230 
composition and gross structure 
of 220 
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Gellar structure 1 
Cellulose 3, 210, 218, 2 
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Censor mechanism 168 
Central body 3, 410, 411 
— E wed 507 
— nodule 
= placenta 123 125 
Centrales 51 
Centric alatom ia 514 
Centri tent Ony oF Aal, 342 
Centric starch grain 209 
Centroplasm 410 
Centride= Centriole 201 
Centromere 235 
Centrosome 3, 201 
Centrosphere 201 
Centrospermae 105 
Cephalodia 716 
Cereal grain 1028 
Chaetophora 455-457 
Chalaza 126, 127 
Chalazogamy 149 
Chamaesiphonales 414 
Changes during seed germination 179 
Chantrantia stage 557, 560, 561 
Chara 491-499 
Chemical fossils 1157 
Chiasmata 237 
Chiropteriphily 145 
Chitin 574, 594 
Chlamydobacteriales 729 
Chlamydomonas 433-438 
Chlamydospore 579, 580, 595, 621 
Chlamydospermophyta 915 
Chlorella 407, 408 
Chlorenchyma 256 
Chloromonadophyta 401 
Chlorophyceae 398, 399 
Chlorophyll 199, 206 
Chlorophyta 398, 401, 422 
Chloroplast 199, 204, 206 
Chondriosome 199 
Chromatid 234 
Chromatin 198 
Chromocenters 198 
Chromonemata 234 
Chromoplast 199, 204, 205 
Chromosome 198, 234 
Chroococcales 414 
Chrozophora sp. 1086 
Chrysophyceae 398, 400 
Chrysophyta 398, 400, 500 
Cicatrice 382 
Cilia 204 
Ciliary movement 204 
Cincinus=Scorpioid cyme 93 
Circinate prefoliation 60 
Cingularia 853, 854 
Cingulum 506 
Circulation 203 
Cirrhose leaf apex 51 
Cisternae 196 
Citrus sp. 1082 
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Cladode 42 
Cladophyll 42 
Crees 427 
adophora 427, 451- 
Clamp 577 7, 451-455 
Clamp connection 577 
Claviceps 656-660 
Crea or petal 109 
e polyembr: 
Con 140 your is 
eistothecium 630, 643- 
Climbing plants 29 dpt 
— roots 19 
Clinging root 19 
Clone 1002, 1004 
Closed bundle 295 
Clostridium 730 
Cluster cup 683 
— — Stage 68. 
Cocci 721 veis 
Coccus type 721 
Coconut seed 176 
— germination of 183 
— structure of 176 
Cocos nucifera 183, 1032, 1033 
Coenanthium 95 
Coenobium 402, 439 
Coenocyte 402, 574, 609, 615 
Coenosori 889 
Coenopteridales 811 
Coffea sp. 1134 
Cohesion of carpels 119 
— of stamens 115 
Coleoptile=plumule sheath 175 
Coleorhiza = radicle sheath 175 
Collateral bud 36 
— vascular bundle 295, 296 
Collection of plants 1146, 1148 
Collenchyma 256 
— angular 257, 258 
— lacunate 257, 258 
— lamellar 257, 258 
Colleters 287 
Coleochaete 457-460 


771-773, 779, 780, 786, 787, 
Columella PU 


Comma 167, 168 
Commelina sp. 1036, 1037 


Commelinaceae 103 


Compactions 1154 
i nion cell 266, 269, 270 


Compatible 583, 620, 644 
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Complementary 


Complete flower 101 

Complex tissue 262 

— type 403 

Complimentary cell 362, 363 
tae 1137 


a fruits 165 
nns of the plant body 191 


Compound 2 
— ini gynoecium 119 Ç 


Com " n 209, 2 
pressions 1153 
Concentric bundle 295 ` 
Conceptacles 531, 532, 
Conditions for germin: 
Conduplicate prefoliation 
Conical root 16 j 
Cone 809, 824, 827, 831 


Conidia 579, 595, 604, 
Conidiophores 579, 609, 6 
Coniferales 914, 956 
Core 249 
Coniferophyta 914, 945 
Conjoint bundle 
Conjugales 399, 428 
Conjugate division 5717 
Conjugation 

— lateral 472, 473, 

— scalariform 472, 

— tube 472, 473, 476_ 
Conjunctive tissue 321, 3 
Connecting strands 267 
Connective 117 
Consortium 711 
Context 666, 687 
Contorted aestivation 1125-28 
Contractile root 20 š 
— vacuole 424, 433, 4: 
Contrivances for cross po! 

= for self pollinatic 

Convergent venation 71,7278 
Convolute prefoliation 60^ 
— stipule 51 
Convolvulaceae 1109 
Convolvulus sp. 1110 
Coprophillous fungi 571 
Coralloid roots 933, 935 
Corchorus sp. 1089, 1 
Cordaianthu Er 
Cordaitaceae 
Cordaitales 914, 945, 949. 
Cordate leaf 5 Š 
Cork et 364, i 


48; 249: PSS 
Corbusculum 146, nm + 
Cortex in root 20 A 


Crossotheca 917, 919 
Crotolaria so. 1076, 1079 
Croton sp. 1084, 1086 
Crozier 626 


Cruciferae 1069 
oce ata 
prefoliati 
Crustal rocks 1154 
Crustose P 12. 713 
Cryptoblasts 
Cryptoblamata 545 
Cryptogams (=gamea) 6, 1005 
Sri 
vw 1155 
Cucumis sp. 1137 
Cucurbita sp. 1136, 1137 
Cucurbitaceae 1134 


Culm 27, 28 

Copie 1607. 920, 923 
Cod ore er 51 
Cuticle 230 
aso 230 


— test of 230 
Cutinization 230 
Cutlariales 5 


23 
Venim "a h 409 
ycean starch 409, 410 
Cyanophycin 409, 410 
Cyanophyta 399, 401, 409 
umet 
idaceae 925 
dales 924 
cadeoidea 924 925, 926 
TU 
y » 915, 
i 930-944 2 
Cio 2 1 
203 


et as 95 
Huh lorescence 91-95 
|» 04 — umbell 97 
y Dread ote 
ped TUS Sp. 1030, 1031 
... Cyphellae 71 


Cypsela 160 


€ branching 43, 45 
w corymb 97 ` 
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idia 666 
UD 553, 559, 560, 565 
Cystolith 216 
Cytokinesis 236, 240 
Cytology 4 
Cytoplasm 196 r os 
Cytoplasmic extrusions T 
Cytosome 196 
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Daemia sp. 1108 A 
Damping off disease 603 
Date palm 

= leaf anatomy 340 

— seed structure 176, LE 
Date palm germination 183 
Datura sp. 129, 1121 
Deciduous bud 35 

— calyx 108 
Decompound leaf 68 
Decumbent stem 29 
Decussate phyllotaxy 65 
Defensive mechanisms 81, 83 
Definite inflorescence 87, 91 
Definitive nucleus 149 š 
Degeneration of sex in fungi 588 
Dehiscence of anthers 118 
Dehiscent fruits 159 
Deliquescent stem 27 
Delphinium sp. 1065, 1066 
Dendroid type 287, 288 
Dendrophthoe 7 
Dentate leaf margin 53, 54 
Derived fossils 1157 
Dermatogen 247 
Dermatomycoses 699 
Dermatophytes 699 
Desmarestiales 523 
Devices for cross pollination 141 
Deuteromycetes 696 
Dextrorse stem 30 
Diacytic stoma 285 
Diadelphous androecium 115 
Diads 239 
Diakinesis 239 
Diandrous flowers=Diandria 1007 
Diaphragm 787, 793, 83 
Diastase 209 
Diatom 505-516 
Diatomaceous earth 515 
Diatomite 515 
Diatomin 505, 508 
Diatoxanthin 505, 508 
Dichasium 93 
Dibogamy 141 

ichotomous branchi 

Dichotomy 44, 45 hing 44, 45 
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Diclinous flow 
Dicliny 141 m 
Dicotyledonae 1002, 1005, 1006, 1009 


: 1013, | Š 
Dicot leaf anatomy 334337 349" oe 
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Dicot root anatomy 320-324 
is seed germination 180-184 
*— seed structure 171-174 
— stem anatomy 306-314 

Dictyospores 697 

Dictyosomes 200 

Dictyostele 303 

Dictyota 405, 406, 523, 547 

Dictyotales 523 

Didynamous androecium 113 

Diffuse porous wood 353 

Digestion 1 

Digestive gland 271, 272 

Digitate leaf 69 

Dikaryon 575 

Dikaryotic mycelium 575, 662 

Dikaryotization 581, 662, 663 


Dimorphic flower (see heteromorphism) 


Dinophyceae 398, 400 
Dioecious plant 103 
Diplanetic zoospore 595 
Diplanetism 595, 600 
Diplobiontic life cycle 395 
Diplococcus 722 
Diploidization 581 
Diploid 149, 236 

— cycle 585 
Diplonts 584 / 
Diplostemonous androecium 113 
Diplotene 237 . . 
Direct nuclear division 240 


Disacharide 208 
Disadvantage of climbing plant 33 
— for self pollination 147 


Disc 91, 107 
— floret 91, 92, 1137 

Dischidia rafflesiana 74. 75 

Discocarpi 71 

D oray cen 586, 632, 633 

Disjunction 23 

iin g rp or Sad fruits 167 
seeds 

Digos ^ of spores 589, 745 


Displacement cell 683 

Dissemination of fungi 589 

Distichous phyllotaxy 64 

Distribution of mechanical 
tissue 275, 277 


Divergence 
Divergent venation 71, 72 


— reductional 237 
Dormant bud 35 


Dracaena stem : t 
Drosera sp. 15 — 
Drupe 161 


Dry indehiscent fruit 160 
Dryopteris 874-882 5 


Early blight 698 


Ear 

Eccentric starch grains 
Ecology 4 
Economic 


Ectocarpales 523, 537 
Ectocarpus 531-542 
Ectodesmata 282 
Ectoparasites E 
Ectophloic siphonostele 3 
Ectophytes (ectophytic) 574 
Ectoplasm 196 


Ectotrophic 574 
Egg (egg cell) 136, 137, 1 


ta 2g 860 
Elaters 761, 859, 
Elementary fibril 1, 222 
Eiliptical leaf 59 
Emergences 1 
Fergie leaf 51 n 
Embryo (in an 1. 
te development of 1 

= = 126, 135-140, 1 i 


Embryogeny 150 ) 
E ophyta siphonogama !^ 
mie vascular bundle 


. 753, 761, 
132, 769: 772; 719, 785, 792 


Pra lal tem of 
cation 1011-1015, 1019 


IAM 761, 765, 785, 821, 872, 882 
667, 674, 680 
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Etaerio follicles 165. " 
Etherial oils 214 K... 
Eubacteriales 729 
Eucarpic 578, 594 
Euglenophyta 2 399 
Eumeristem 
Euphorbia sp. 1086, 1087 
Euphorbiaceae 1083 
Euplankton 506 ë 
Eurotium (see Aspergillus) 
Eusporangiatae 811, 864 
Evolution of stele 301, 304 
— of sex‘in algae 404 
— of sex in Chlamydomonas 437 
Exalbuminous seeds 171, 175 
Exarch xylem 293 
Excretion 2 
Excretory cells 271 
— materials 213 
Excurrent form 26, 27 
Exine 133 
Exodermis 289, 325, 327, 328 
Expansion theory 304 
Exoperidium 666, 693, 695 
Explosive mechanism of 
dispersal 172 
Exospores 394, 412, 835, 837, 860, 
870, 879 
Extra-axillary bud (see accessory 
or supernumerary buds) 
Extrastelar region 345, 347 
Extraxyllary fibres 259 
Extrorse anther 117 
Extrusion papillae 485 
Eye spot 424, 433, 434, 439, 448, 450 


F 
Facultative parasites 572 
— Saprophytes 572 
Fairy ring 689 
Falcate leaf 59 
False fruit 158 
—  indusium 889 
Family 1003 
Fascicular cambium 191, 345, 357 
Fasciculated root 17 
Fats 210 
— properties 211 
be gl 211 
emale gametophyte 135, 136-140, 836, 
846, 894, 94], 55, 98 
A ulus toe, 1, 955, 965, 980 


Ne) 939, 952, 
Fertile shoot (branch) 855 


964, 978 
— spike 865, 869, 
Fertilization Process ae 149 


— tube 601, 
Fibonacci series ay 2, 605, 613 
Fibres 259, 260, 266, 270 

— bast 259, 270, 266 

— “xtraxylary 259 

77 Intraxylary 259 
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Fibres libriform 259, 261 
— wood 259, 262 
Fibre tracheids 259 
Fibrous root 13 
Ficus sp. 19, 51, 1054 
a a 113 
amentous type of 
Filicales 811, 873 rre: 
Filicinae 810 
Fimbriae 722 
First meiotic division 237 
Flagella 424, 433, 724 
Flesby (succulent) fruits 161 
— leaf 73 
Flexuous hyphae 681, 682 
Floral apex 384 
— diagram 129 
— formula 128 
— leaves 49, 104 
— members 101, 104 
— parts 99, 100 
— phyllotaxy 104 
Floating root 20 
Florets 
— disc 91, 92, 1137 
— ray 91, 92, 1137 
Florideae 552 
Floridean starch 549 
Flower 99, 384 
— different terminologies of 101 
— functions of 101 
— origin of 100 
— parts of 99 
— shoot nature of 103 


Flowering glumes (= Lemma) 89, 1026, 
1144 


Foliaceous stipules 50 
Foliage leaf 48 
Foliar trace 299 
Foliose lichen 713 
Follicle 159 
Foot cell 679 
Forma 1002, 1004 
Forms 5 
Form-family 699 
— genera 699, 917 
— order 0 » 
Fossil plants 
— definition of 1153 
`— types of 1153 
Fossi) erage 515 s 1156 
ilisation proces: 
"en Factors in 1156 
Fragaria vesca 1074 
Fragmentation 92 
Free cell formation 240 
Free central placentefion 123, 125 
lateral stipules 
Priillaris type of embryo sac (female 
gametophyte) 183, 139 
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Fruit 158 


Fruticose lichen 713 
Fucales 523 
Fucoidin 518 
Fucoxanthin 518 
Fucus 530-537 
Fuller’s earth 515 
Funaria 788-794 
Fundamental tissue 


general account 
habits of 571 

life cycle of 584 
origin of 592 

— vegetative sI 
Fungi imperfecti 586, 
Funicle ( = funiculus 
Fusarium 701-703 
Fusiform initial 294, 357, 


— root 16 
Fusion nucleus 627,628 — 


Tate Pease polni 


G 
Gaidukov phenomenon 410 
Gall 675 c E. 
Gall dec y 
Gametangial co € 
2 gi EX 
Gametangium ) 
Gametes 149, 150, 390 
Gametic copulation 2 
— union 5 Š 
Gametogenesis In ang! 
Gametophore 742, 775, 
etophytes 
Gametop male 135137; 


836, 846, 849, 
— male 133-135, 7 


Gametophytic plant 


eo type 690 
- ui hymeniferous type 690 
BEERE o 
Girdesog ° > 


digestive 271, 272 
— types of 273 


i 


io M 
557. 560° 414, 415-422 


T 


GENERAL 


INDEX 


nidangia 615 
Sa anslephore 615 
Gonidium 616 


1179 


Gonimoblast filament 560, 565 


— initial 559, 565 
Gossypium sp. 1093 
Gourd seed 184 
Gracilaria 556 
Gram seed 171, 172, 181 
Gramineae 1026 
Grana 206 

— disc 206 

— lamellae 2i 
Grewia sp. 1090, 
Ground meristem 245, 246 

— tissue 314 

— tissue system 289 
Growth 2 
Growth of cell wall 224 

— ring 352 
Guazuma sp, 1049 


Guard cell 283, 284 
Gums 214 


Gum-resins 214 
Gymnosperms 910, 911 
— characteristics of 911 


— characters resembling pterido- 


phyta 912 
— classification of 914 
— comparison with angiosperm 911 
— phylogenetic relationship of 916 
Gymnocarpous 666 


Gynoecium 119 
ynandrophore = androgyno- 


phore 108, 1071 
Gynandrosporous 468 


ynandrous 115 
ynobasic style 1115, 1116 
ynophore 104, 168, 1071 
ynostegium 115 
Gynostemium 115 


H 

Hadrocentric bi 
Hairs 287 undle 295 

— dense 84 

— glandular 84 

— Peltate 287 

— Toot 288 

— Shaggy 288 


Stinging 84 
Half inferior Ovary 106, 122 
ande cell 494 ne" 
-piece 501 
Haploid 236, 237, 240 395.1 
584, $85.7 
Haploid cycle 388 eh 
>= diploia Cycle 585 
"3 IKaryotic cvy. 
Haplobiont; ve e 
Haploidizatiy > 


ti 
aplonts S4" 698 


97 4a, 


b BOP, os 
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'Haplostele 302 
Haptera 518, 526 
Hard bast (=pericyclic fibres) 308 

— resins 214 
Hastate leaf 58 
Haustoria 7, 21, 22, 572 
‘Head (=capitulum) 91, 92, 1137, 1138 
Healing of wounds 382 
Heart wood 355 
Helianthus sp. 1138, 1139 
Helicoid branching 43, 44 

— cyme 93 
Helicospores 697 
Heliotropium sp. 1111, 1112 
Helminthosporium 709-701 
Helotism 712 
Hemianatropous ovule 127, 128 
Hemibasidiomycetes 586, 669, 671 
Hepaticae 742 
Hepaticopsida 742, 749 
Herbs 26 
Herbaceae 1018 
Herkogamy 142 
Hermaphrodite (flowers) 

(=bisexual flowers) 102, 583 
Hesperidium 162 
Heteroecious 573, 678 
Heterocyst 394, 413, 417, 420 
Heterogametes 390 
Heterogamy 390, 426 
Heterokaryosis 698 
'Heterokaryotic Hu 698 
_ mycelium 
= formation pi 698 
Heteromorphic alternation o 
ý generation 397, 520 

Heteromorphism 142 
Heterophilly 78 
Heterophytes 2: td 571 
Heterosporous 
Heterothallic 581, 584, 596, 610, 620 
Heterothallism 620 
Heterotrichous type 402 
Heterotrophic plant 3, 6, 390 
Hevea sp. 1086 
Hibiscus sp. 1093 
Hildebrandtia sp. 1110 
Hilum 126, 171, 172, 667 
Hirsute leaf surface 56 
Hispid — ry 24 Es 
Histogen theory 
Holdfast 391, 447, 462, 463 
Holobasidium 
Holocarpic 568, 596, 604 
Holophytic 3 
Holozoic 3 
Homogamy 142 
Homoimerous 711 
Homology "^ climbing organs 80 

—  — defensive organs 
— floral buds 106 
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Homology of photo; 
Ln stor. 
Homologous chromoso 
omosporous 808. 
eris 
omo; ism F 
Hook 31, 32 = 
— climbers 27 
Horizontal ovule 128 
Hormocyst 393, 412, 715 
Hormogones 412 
Hormogonia 412 
Hormospore 393 
Host 7, 21, 22, 572 
ponp ue 952 
‘unger ti of sex 437 
Hutchinson's system of 


y classific 
Hyaline cells 776, 777. 
Hyaloplasm 196. 705 
Hydathodes 272, 273 
Hydrodictyon 443.447 
Hydrophily 143 
Hyenia 848-849 = 
Hygrophila sp. (= Asteraca 


Hymenium 666, 690 
Hymenial layer 666 
Hymenolichens 718 
Hymenomycetales 669 
Hypanthodium 95 

Hyphae 571, 572, 574 
Hyphomycetes 696 
Hypnospore 393, 488, 504 ` 
Hypobasal cell 761, 765, 785, 791 
Hypobasidium 666 W 
Hypocotyl 172, 174, 184, 185 
Hypocrateriform corolla 11 
Hypodermis 289, 307, 308, 


Hypogeous (=hypogeal) 


Hypogeal seeds 180 ` 
Hypogynous flower 106 
Hypogyny. 106 
Hypophysis 152, 153 
Hypopodium 47 
Hypotheca 506, 507 
Hypothetical proangio: 
Hysterothecium 630 
Hypsophylls 49 


Iberis sp. 1069, 1070 
Icosandria 1007 E : 
Identification 1000 mu 
Idioandrosporous q 
Idioblasts 256 

Igneous rocks 1 

Illegitimate co 

Illicioideae 


basidia 665 
1007 


Ems 
- oliation 
- venillary 112 


1154 
m 294, 374 


583, 620, 664 
bility 583. 620, 644 


fruits 160, 166 
1157 


Indian Cordaitales 949 
prefoliation 61 


5 
—— prefoliation 59 
Inflorescence JAIL 
Infra- or tga units of 
assification 1004 
Infra- or intra-generic units of classifica- 
tion 1004 


— of leaves 61 
Integuments 126, 939 953, 9 

, 939, 953, 965, 9 
“U Rasa 
layer of cell wall 223 
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Intraxylary pines 312, 313 
Introrse anther 
Intussusception growth 224, 225 
ine ey M. 

nvasion theory 
Involucre (of bracts) 87, 92, 1137, 1138. 
Involute prefoliation 61 

Ipomoea sp. 1109, 1110 
Irregular flower 101 

Isidia 715 

Isobilateral leaf anatomy 338-341 
Isoetes 842-847 

Isogametes 390, 394, 450, 454 
Isogamous 390, 394, 450, 454 
Isogamy 390, 394, 426 
Isomorphic alternation 397, 520 
Isostemonous stamen 113 
Isostemony 113 

Isthmus 480, 481 


J 
Jacket 761, 766, 771, 780, 786 
Jacket layer 752, 829 

— wall 761, 766, 765, 771, 780 

Jaculator 1126 
Jatropha sp. 1086, 1087 
Juncellus sp. 1030 
Jungermanniales 742, 746, 763 
Jurassic period 1157 
Justicia sp. 1128, 1129 


K 


Kaempferia sp. 1043, 1044, 
Kaloxylon hookeri 918, 919 
Kappe 254 
Karyogamy 581, 584, 585, 698 
Karyolymph 195, 198 
otin net work 198 

Keel 110, 506, 1076 
Kernel 171, 172-174 
Kieselguhr 515 
Kinetochore 235 
gmt So 383 

orper-Kappe theory 254 
Kyllinga sp. 1030 + 


L 
Labellum 1043, 1045 1046, 1049 


Labiatae 11 1, 114, 145, 1115 
boulbenia type s ascus 
evelopment628 
eos mig gap) 400". 
enostoma ii 9 
Toe omaxii 917, 920.921 
minal placentation 123 
Laminaria 523, 525-530 
Laminariales 523, 525 
Lamina 47, 48 
Laminarin 519 
nceolate 56 
ntana sp. 1112, 1115 
Late blight 609, 613, 614 
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(Lateral 


iLatex 2 
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branching 43, 45 
conjugation 472, 473, 474, 


477, 478 


meristem 244 
root 9, 13 

— origin of 331 
traces 387 

15, 274 

cells 

vessels 275 


Laticifers 274 


types 274 


Laticiferous cells 274 


rbi EL Fh SY LL LIIS 


Leaflet 


ucts 274 


base 47, 48 

floral 49, 104 

gaps 299-301 
insertion of 61 
kinds of 48 

Jamina shape 56 
margins of 53 
modifications of 73 
mosaic 78, 79 

parts of a typical 47 
prefoliation of 59 
scale 48 

simple and compound 66 
surface of 54 

tendril 73 

traces 299-301 
venation 70 
vernation of 60 

67 


Legume 159, 1075 


Leguminosae 1074 
Lemma 89, 1026, 1027, 1144 


Lemon 


= Citrus sp. 69, 10 


Lens Sp. 1078 

Lenticel 362, 363, 365 

Leonurus 8p. 16, 1117 
idodendrales 810, 739 

repidodendron 833- 

Lebidostrobus 840, 841 


hyta 810, 823 
Lepide tnit bundle 295, 296 


tocentric vascular 
totene stage 237, 238 


Leptosporangia 


iatae (ferns) 811, 873 


plast 199, 204 
Leucus sp. 1116, 1117 


30 


Libriform fibres 259, 261 
Lichens 8, 573, 711-719 


Li 
Ligule 


e 1018 


gones 1026, 
79, 831, 832, 842, 843, 1026 


Ligular pit (or m 
Liflaceas 057 mm s 
Liliflorae 1014, 1037 

00 


Lithocysts 216 
Lochnera rosea 1105 
Lippia sp. 1113, 1115 
Lobules 715 d 
Loculicidal capsule 159 ` 
Lodicule 89, 1026, 1007 — 
Lomentum 163, 164 — 
Long shoot (branch) 9 
Longitudinal course 


-Longitudinal dehiscen 
Loose smut 671, 675 
Lower cortex 712-714 
Lunate leaf 58 
Lycoperdon 69. ; 
Lycopodiaceae 810. 823 
Lycopodiales 810, 
Lycopodinae 810 
Lycopodium z 
Lyginopteridaceae 918 a 
Lyginopteris oldhamia 918 
Lyrate leaf 59 3 
Lysigenous gland 273 
Lysigenous space 232 
M ' 
Macdonald-Pfitzer law 509. — 
Maceration technique 1 


Macrandrous species 1 
Macroconidia 697, 702 ç I 


Macrocyclic rust 6 


Macrophyllous 862 + 
Mácrosclereids ius 285 


actos} 

y — in angiosperm (=0 
008} 

Macror oea Porella 763 
Magnolia sp. 1068 
Magnoliaceae 1066 

i n 
e Biermination ef192 ` 

— structure of 174, 175 
Malachra » 103 
Malacophily > 
Male sametophyte jn angiosP 


— strobilus (=cone) 9 , 
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'angifera sp. 161, 162, 1088 
sare ay of 334, 335 

— seed germination of 181, 182 
Manihot sp. 1086 
Mannitol 392, 517, 519 
ooo d 550 
Mantle 

Ibrium 493, 494, 495 

€" taceae 1045, 1046 


Margin of leaf blade or lamina 53 
I placentation 122, 123, 125 
traces 387 


Marsileales 811, 889 
Mechanical tissues 275 
— system 280 
Medulla 308, 625, 526, 531, 532, 543, e 


Medullary rays 308, 314 
Medullosa stellata 919, 920 
Medullosaceae 920 
Megafossils 1157 
Megagametogenesis in angiosperms 
135-137, 139 
Megasporangia 126, 809, 864, 911 
in angiosperm 135, 136, 137 
— mother cell 134, 136 
in angiosperms 


Megasporogenesis 

135, 136, 139 
Megasporophylls 120, 804, 911 
Meiocytes 236 


> 


— significance of 240 
Meiospores 551 


astoma sp. 1098, 1099 
clastomaceae 1098 
p 163 
304 


Meristematic tissue 242 
242-254 


Mesophyll tissue 334. 335. 
esopodium4? ^ 995-343 
Is period 1157 
apap Pleridosperms 922 
Metabolic conditi 
Metabolic T tion of nucleus 234, 235 
Metac deae=Sympetalag 


=Gamo; 
Metamorphic rocks tiga on 


Metamorphosis=Modié 
. — Of leaves 73, 81, oo 
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— of stems 37-42 

Metaphase wage Ded ee 
hloem 266, ; 

Melany Sa 262, 292, 293, 307, 338-328 
Methods of studying plant anatomy 192 
Men FY 647 
Micelles 
Michelia sp. 120, 165, 1067, 1068 
Microchemical tests for reserve 


foods 177 
Microconidia 697, 702 
Microfibrils 221, 222 
Microfossils 1156 ed ñ 
Microgametogenesis in angiosperms 
. 
Micromeres 483 
Microphyllous 822, 833 
Micropyle of ovule 126 
— of seed 171, 172 
Microspermae 1009, 1048 
Microsporangia 113, 117, 132, 809, 831, 
835, 864, 911 
Microspores 113, 132, 133, 809, 834, 
835, 864, 912 
Microsporogenesis in angiosperm 
123, 133 
Microsporophyll in angiosperm 113 
— symnosperm 911, 919, 923, 937, 
938, 951, 952, 962, 963, 977 
— pteridophytes 831, 834, 840, 


841, 844 
Microtome 192 


Microzoospore 450 
Middle lamella 219, 220 
Mikania sp. 1139 
Mimicry 85 
Mimosa sp. 1077 
Mimosoideae 1075, 1077, 1078 
Mineral crystals 215 
Mineralised plants 1153 
Mineralization 231 
Mirabilis jalapa 1061 
Mitochondria 199, 575 
Mitosis 234 
Mitotic crossing-over 698 
Mixed bud 35 
Mixed inflorescences 96 

— panicle 96 

— spadix 97 
Modified buds 37 

— leaves 15-22 

— roots 15-22 

— stems 37-42 

— stipules 50 

olecule by molecule replacement 


t 
Monadelphous stamen i y — 
oniliform ‘ah 18 
Onocarpellary gynoeciu. 
Onokaryon 575 =e 
Monokaryotic mycelium 


Monokaryotic phase 573 985, 662 
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Monochasium 93 


Monocotyledoneae 1009, 1013, 1116, 1117 


Monoecious 103 
Monopodial branching 44, 45 
Monosporangia 557 4 
Monospores 550, 557 
Monostrous development in flower 
Monoxylic form 921 4 
Meroe 
— difference from Urti 
Morus sp. 1054, 1055: CAE 
Mosaic growth 225 
Movement 2 
Mucilage 231 
Mucilage sheath 464 
Mucilaginous change 231 
Mucor 615-619, 620, 621 
Mucronate leaf apex 51, 52 
Muhelenbeckia platyclados 42, 1059 
Multicostate venation 70-72 
Multilacunar type of node 301 
Multilocular ovary 122, 123 
Multinet theory 225 
Multinucleate cell 199 
Multiparous branching 44, 45 
— cyme 93, 94 
Multiple epidermis 281, 336, 335 
— fruits 165, 166 
— rootcap 14 
Mummified plants 1154 
Musa sp. 96, 97, 1042 
Musaceae 1041 
Mycelium 574 
— modification of 575-577 
— primary 662 
— secondary 662 
— tertiary 662 
Mycetozoa 704 
Mycobiont 711 
Mycorrhiza 8, 574 
Mycorrhizal fungi 574, 958 
Myrmecophily 85 
Myrtaceae 1096 
Myrtiflorae 1096 
Myxamoeba(e) 707, 708 
Myxobacteriales 721 
Myxomycetes 704-7 0 
Myxomycotina 704 
Myxophyceae 339 
Myxopbyta 409 


N 


Naked bulb 40 


dria 466, 467 J 
Nannandrous species (type) 466, 467 


Nannocytes 41 


Naravelia sp. 1066 
Natural system of classification 1006; 
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Neck 752, 753, 760, 
821, 829, 838, 


Nerium sp. 66, 1105 
— leaf anatomy 336 
Neuradoideae 1073 
Neuropteris nikolausi 920 
Neuter flower 103 
— sporangium 540 
— spores 540 
Nicotiana sp. 1119, 1121 
Nigella sp. 1065, 1066 
Nitrogenous reserve 

— tests of 212 
Nodal anatomy 299 
Nodulose root 17, 18 
Nomenclature 1000, 1002 
Non-endospermic seed 19 d 
Non-living cell contents 
Non-protoplasmic components 


Non-recurrent apomixis 156 
Normal root 13 
Nostoc 414, 415-422 
Nostocales 414 
Nucellus 126 
Nucellar beak 939 q 
Nuclear membrane 195, 198: 08 
— reticulum 195, 198 
— sap 195, 198 n". 
Nucleus 194, 195, 197, 198. 9 
Nucleoli (nucleolus) 195,198 ^ 
Nacleop a 1 > 
Nucleoprotein 
Nucule 491, 495, 496 
Nude flowers 103 
Nuphar sp. 1 
Nut 161 
Nutrition 1 
Nyctaginaceae d 
ymphaea sp. I 
E leaf anatomy 342 
— petiole anatomy 333 
mphaeaceae 
Nomphaeoideae 1063 
o 


57 
Obcordate Jeaf lamina 
Obdiplostemonous and 
Obligate parasite D b 
Oblong leaf p. 
Obovate » sit Ev i 


Obtuse apex . 


Ochrea 49, 50 
Schreate les 49, 50 
Octant 132, 183,253 

15 , 
Octastichous phyllotaxy 65 
Oedogoniales 399, 427 

462-470 
ihera type of embryo sac (female 

Auro 138, 139 
Offest 
Oidia 579, 580, 624, 663 
Oi! 210 


— tests of 211 
Oldenlandia x 1133, 1134 
Oleoresins 21 


2 
39 
Saat A germination of 184, 185 
— leaf anatomy of 341, 342 
— seed structure of 185 


y 
— of flower 384 
— of sieve elements 268 
— of a vessel 264 
441, 459, 466, 489, 493, 528, 


543, 551 
Oogamy 390, 394, 426, 431, 436, 


Oogonial branch 610, 611°! 532 
ra , 611 
Oogonium 390. 394, 426, 436, 439 
469, 488, 489, 520, 528, 533, 535, 
, 544, 601, 61 


Oomycetes 586, 597 
lasm 604 


Oosphere (=egg) 394, 442, 459, 496, 

534, 535, 602, 

pore (=zygote) 149, 390, 394, 426, 

442, 459, 466, 469, 488, 490, 497, 

529, 601, 602, 611, 753, 760, 765, 
943, 956 


Se shen a 
rculum 779, 780, 7. 6, 787, 792, 793 
Ophioglossum 865-873 ^ 
PPosite phyllotaxy 65 
Opunctia sp. 42 4 
ar lamina 58 


Order 1002 1003 
ler » 1003 
Oreodoxa sp. 1033 
Orinithophily 144 

ichies 63 
Orthotropous Ovule 127, 128 
Oryza sp. 1027, 1028 
Osteosclereids 261, 262 


Oscillatoria 409, 41 
tiole $32, 533; 534 al 415 


Oval anther lob 1 
Ovary 121 gies 
_ chambers 122 
^n — com, 
Ovate leaf lamis Y 
vulate strobilus 952, 964 
75—(vol. D 
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613, 740, 752, 943 


, 534, 
Outer fissure 507 544, 629, 630, 681 
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Ovu!- 126 
Dyulijerots scale 964, 965 

- morphology of 970 
Ovum (see Egg or Oosphere) 


P 


Pachytene 237 
Palaeostachya 853, 854 
Paiea 89, 1026, 1027, 1144 
Palaeobotany 4, 1153 
Palaeozoic 1157 

— pteridosperms 918 
Palisade parenchyma 335-338 
Palmae 1031 
Palmate compound leaf 68, 69 

— venation 70, 72 
Palmella stage 434, 435 
Palmelloid type 402 
Panicle 90, 91 
Panicum sp. 1028 
Papilionaceous corolla 110, 1076 
Papilionatae 1076, 1078 
Pappus 108, 167, 1137 
Parachute mechanism 167 
Paragynous 582, 605, 612 
Parallel venation 71, 72 
Paraphyses (Paraphysis) 527, 532, 533, 

534, 629, 651, 654, 657, 714, 785 


790, 791 
Parasexual cycle 585* 697 
Parasites 7, 21 

— fungal, classification of 572, 573 
Paracytic stomata 285 
Parasitic roots 21, 22 
Paraspores 550, 551 


Parastichous phyllotaxy 65 
Parenchyma 255 


— wood 265 
Parichnos 84] 
Parietal layers (cell) 132, 134 
— placentation 122-123, 126 
Paripinnate leaf 67 
Parthenogenesis 156, 395, 426, 436, 
437, 454, 474, 478, 809 


Parthenospore 395, 426, 469, 474. 478 
Partial parasite 7 


— saprophyte 8 


Parts of an angiospermic plant 8 
Passage cel] 290 n š 


ea seed, germination of 180-181 
~ Structure of 172 

Pectic Substances (compounds) 219, 
Pectose 220 h 221 
Pedicel 87, 493, 495 
Pedicel cell 494 

eduncle 87 
Peltate disc 858 
Peltate hairs 287, 288 

€naea type of embryo sac (female 


Pendulous ovule 128 OPhyte) 138, 139 
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PSS 592, 634, 649 
enicillium 634, 646- 
Penne 646 Bess 
ennate diatom 510, 
Pentandria 1007 rin 
Pentstemonacanthus 1126 
POE phyllotaxy 64 
peromia type of 
scere ype of embryo sac 138, 139 
Perennials 26 
pes stage 696 
ergularia sp. 1107, 110 
Perianth 99,103 ` : 
Periblem 247 


Pericarp —fruit wall, 158, 174 175 — 
ue leaves 785,791 ' Phylloteny 62.66 
ricycle 
n Me fibres 293 Phylogenetic E 
eriderm 359, 360 Phylogeny 1011 
— function of 361 Physiologic race 573 
— origin of 361 — specialization 573 
Peridium 629, 666, 683, 693 Phytobenthons 391 
Perigyny 106 Phytophthora 608-614 
Perigynium 761 Phytoplanktons 391 
Perigynous flower 106, 107 Pileus 690, 691 
Periphyses 532-534, 681, 682 Piliferous layer 283, 320 
Pilose surface 55-56 


Periphyton 506 
Periplasm 604, 613 Pinnate compound leaf 67 
— venation 


Perisperm 173, 174 
Peristome (teeth) 747, 781, es An Pinus 957-970, 985 


Pistia sp. 1034, 1035 


Peristromium 204 i ; 
Perithecium 629, 630 Pistil = gynoecium 11 
Perivascular fibres 291, 308, an ru Pistillate flower =fe 
Permanent tissue 242, 03. : Hes T 1078 
Peronosporales 597, 603, its 227- 
Persistent calyx 108 — bordered 2 229 
Personate corolla 111 = hale leri 
Petal 9 pact 86 Z Vestured 
Petaloid bract Es 
"cu perianth 1037, 1039 Pit-aperturç 227, 228 
— sepal 105 — border 
petiolate leaves 47 
petiole 47, 48 , 
— modifcebon of 73 
Peziza 650- Z Cembrane 27; 
Phacophyceae 398 om 
eo ecophyt® 398, 500, 517 pair 227 
Phancrogamea 005 
Phaneroplasmodium 706 
Phaseolus op" 
Phellem ^ 
Phelloderm 360, 361 P ta ion 122 Y. 
llogen 3 centa Solution of 124 — 
Phialids 579, 697 
hialo re 441 
Phialopore 
270, 293, 307, 
phloem 262, 266, 2105 315, 315-316, 345 


— fibres 269, 270 
— parenchyma 268 


GENERAL INDEX 


Plasmalemma 196 
Piasma membrane 195, 196 
Plasmaso! 196 


type of ascus development 628 
I foliation 60 
a type of embryo sac 138, 139 
Plumbago type of embryo sac 139, 140 
Plumule 24, 171-175 
. Plurilocalar sporangium 538, Saat T 


Dock 127, 136 
Polar nodule 507, 413 
— pores 413 


Polianthus tuberosa 1039, 1040 
Pollen 


— chamber 939, 942 

PIU E 14s 149 

— germination of 148, 

— grains 132, 133, 913, 942, 943, 


967, 982 
— mother cells 132 
sac 113 


agents of 142 
contrivances of 141, 142 
Cross 141 

definition of 141 
mechanism of 145 
self 141 . 


m 94 
_ Polycyclic stele 304 
b; Poder 361 
. Polyembryony 155, 91 91 
.. Polygamous flower 102 à 
Polygonaceae 1057 
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sp. 1058 
Se ie ae of embryo sac 138, 139 
Polypetalae 1008, 1009 Ë 
Polypetalous corolla 100, 1 
Polyplanetism 595 
Polypodium 882-886 
Polyporus 686 688 
Polysepalous calyx 100 
Polysiphonia 561-567 
Polyspores 550, 551 
Polytrichales 743 
Polytrichum 782-788 
Pome 162 
Pond scum (=pond screen) 391 
Pore 686 
Porella 763-766 
Pore-tubes 687 
Pore-surface 687 
Porogamy 149 
Porospores 697 
Porus dehiscence 118 
Poroxylaceae 945, 949 
Prefoliation 59 j 
Preservation of plant specimens 1002, 


146, 1148 

Prickles 32, 33, 83 
Primary apical meristem 280 
axis 87 
body 306 
capitulum (capitula) 493-495 
constriction 235 
increase in thickness (growth) 345 
medullary rays 308 
meristem 243, 244 
mycelium 575, 662 
parietal cell (layer) 132, 134, 136 
permanent tissue 255, 280 
phloem 293 
phloem fibres 308 
pit-fields 227 
protonema (protonematal 

initi 
Toot 13 isis 
Sporogenous cell (layer) 132, 


134, 
Structure 306 m 
Suspensor tubes 982, 983 
vascular tissue 296 
wall 219, 220 
. xylem 262 
Primofilicales 810, 862 
Timordial meristem 243 
Principles of orai? 
ciples of classificati 
robasidium 666 satia 
ocambium 245, 249 
Procumbent stem 29 
foembryo 150-152 
Togametangia 617, 618 
Togamete 617 
Proliferation 104 


Tomeristem 243, 245 
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Promycelium 617, 619, 667 
Doors dr c 
rophase 234, 235, 237-239 
Prophylls 49 Ts 
Proplastid 204 
Prop root 18, 19 
Prophyridium 550 
Prosenchyma 576 
Protandry 141 
Protection of bud 36 
Protective layer 380, 381 
Proteins 211 
Proterozoic 1157 
Prothalial cell 836, 845, 846, 894, 895, 
913, 940, 954, 965, 966, 979 
Prothallus (gemetophyte) 828, 829, 859, 
870, 871, 879, 880, 886 
Protoaecidia 681 
Protobasidiomycetes 586, 669, 676 
Protococcus 460-462 
Protoderm 245 
Protogyny 142 
Protonema 498, 775, 781, 783, 788 
Protonematal initial 498 
Protoplasm 195, 202 
— movements of 203 
— properties of 202 4 
— tests for 203 
Protoplasmic components 195, 196, 201 
Protophloem 266, 293, 315, 316 
Protoplasmodium 705 
Protoplasr 105. as 
Protopteridales 
Protopteridium 862, 863, 817, 820, 826 
Protostele 302 
Protoxylem 262, 292, 308-328 
—  lacuna(e) 293, 315, 316 
Psalliota 688 
Peeadocarp tit E 
Pseudo-cyphellae 
— elaters 770. 773, 772 
— parenchyma 576 
—  perianth 761 
— vacuole 4 
Pseudomonadales 729 
udo a 
Deeudopodium 715, 779, 780 
Pseudoraphe 507 
Psidium sp. 1097, 1098 
Psilophyta 809, 814 
Psilophytales 814 
Psilophyton 8 16 
Psilotales 817 
Prilotum 8 i lap 
a 
Pteridopsy Macteristic features of 808 


blin 
poesis reser ophyta 807 


mbling 
— characters — erigophyta 807 
lassifica f 
= Classes rom bryophyta 807 


STUDIES IN BOTANY 


Pteridophyta, life cycle of 809 
Pleridospermae 915, 916, 91 
permae TR 
Pteris 886.889 eo ü d 
Pterophyta 810-862 
Pteruchus africanus 923 
Piyxis 59 
Pubescent surface 55 
Puccinia 676-685 
Puff ball 693 
Pull root 20 
Pulvinus 47, 1074 
Puncta 507 
Pastularia vesiculosa typ 


Pycnia 681, 682 
Pycnial stage 680 
Pycniospores 579, 678, 
Pycnoxylic form 921 
Pyrenoid 206, 769 
Pythium 603-707 


Q 


R 


Raceme 87 


cemose 
PES branching 44 
— inflorescence 78 


is 87 
Rol bundle 296, 321-329, 330 
Radial plane 192 


Radial stele 
Radical bud 36 

— leaf 6l 
Radicle DE oe 

lea 
d 875, 883, 887, 924 | 
Ranales ne A o , 
ncula 

Ranunculus sp. 1066 
Ramblers, 3 
Raphe 1 
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Red algae = Rhodophyta 401, 549 
Red 


Tost stage 678 
Reduction division 236 
1 


22 
— $10, 820, 827, 857, 869 


Resins 214 
— kinds ç 214 


an spores 412, 671 
Reticulate thickening of 
cell wall 226 

— venation 70 
Retinacula 1126 , 
Retroserrate leaf margin 54 
Retuse leaf apex 52 
Revolute prefoliation 60 
Rhizine 713 
Rhizoid 486, 503, 562, 739, 750, 756, 


751, 182, 783, 789 
Rhizoidal cell 452 


— portion 503 
Rhizoidal initial 496, 498 
Rhizome 


Rhizomorph 577, 689, 693, 843 
Rhizophore 831, 832, 843 
Rhizopus 598, 621 
Rhodophyceae 399 
Rhodophyta 399, 401, 549 
Rhoeadales 1014, 1069 

Rhynia 814-816 


1028 
Ricinus communi 
Ricinus communis 1083, 1086 
Rims of Sanio 229 


Ring porous wood 3 
Ring bark 365 2 
Root 13-23, 320 
buttresses 20 

cap 14 
characteristics of 15 


comparison with 
definition of 13 2 329 


function of 23 
hair 15 


bD TI 


modification of 15 
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ot pocket 14 
sis Pegions of 14 

— thorn 20 

— types of 13 

x 

Du si angiosperms 252 

— of gymnosperms 253 

— of pteridophytes 253 
Root-stem transition 330-331 
Root system 2; B 
Rorippa sp. 
Rose ap: 1002. 1073 
Rosoideae 1073 
Rosaceae 1072. 1002 
Rosales 1072, 1002 
Rosaceous corolla 110 
Rosmarinus sp. 1117 
Rostellum 1049 
Rostrum 787 
Rot disease 609, 614 
Rotate corolla 110 
Rotation 203 
Rubia sp. 1134 
Rubiaceae 1132 
Rubiales 1132,1014 
Rugose leaf surface 55 
Runner 40 
Rust fungi 661, 676 
Rutaceae 1080 


S 

Sac fungi 623 
Saccate corolla 109 
Saccharomyces 635-642 
Saccharum sp. 1028, 1027 
Sagenopteris 923 
Sagitate anther lobe 119 

— . leaf 57, 58 
Salver-shaped corolla 110 
Salvia sp. 1116 

— pollination mechanism of 145 
Samara fruit 163 
Samaroid fruits 163 
Sandy crystals 217 
Sapindales 1014, 1187 
Sapium sp. 1087, 1086 
Saprolegnia 598.603 
Saprolegniales 597, 598 
Saprophytes 7, 571 
Saprophytic roots 22 
Sapwood 355 
Sarcode 194 
Sargassum 542-548 
Sat-chromosome 236 
Satellite 236 
Scabrous leaf surface 55 
Scalariform conjugation 4 


i 72, 413, 477 
= thickeni " 
Scale leaves 48 "8 226 
Scaly bark 365 
— bulb 40 


Scape 27, 28, 1039 
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Schizocarpic fruits 163, 166 
Schizocarps 163 
Schizogenous pcs space 232 
m glan 
Schizo-lysigenous glands 273 
Schizomycetes 720 
Schizosaccharomyces 635, 636, 638, 
64 


Scirpus sp. 1029, 1030 Š 
Scitamineae 1041, 1051 
Sclereids 261, 262 
Sclerenchyma 255, 258 
= fibres 259 

Sclerotium 576, 657, 658 
Scolecospores 697 
Sclerotic cells 259, 261 
Sclerotium stage 658 
Scoparia sp, 1123 
Scrophulariaceae 1121 
Scorpioid branching 44 
Scorpioid cyme 93 
Scramblers 32 
Scutellum 175 
Secale cereale 656, 1028 
Secondary capitula 493-495 

— cell wall 219,220, 221 

— cortex = phelloderm 347 

— growth in dicot roots 348 
” ” " stem 
,, monocot stem 347 
— » „ thickness 345-378 
— medullary rays 346 
— meristem 243 
— mycelium 575, 662 
— nucleus 127, 136 
— fasion is 149 
— phloem 3 
mE Drotonema 496, 498, 781, 784 
— rays 346 
— root 13 
— wall 219, 220 
— xylen 341, 342, 351 
— suspensor 982, 983 


tory cells 271 
Sere products of (secretion) 212, 271 


— tissue 271 
NIU 
166, 171, 
— coat 171-175, 177 


_ sal of 167 

— dermination of 178-186 

— structure of 171-177 

— leaves 48 
Seedlings 181-186 
Seedling infection 


” 


type 671, 672 
9 


"fertile 584 
Seit commpatible 653 147 


— pollination 141, 142, 
mt Perile 584, 653 
` — sterility 141 


STUDIES IN BOTANY 


Semi-cells 480, 481, 483 
— compound starch 
Sepal 99, 100, 105 . 

Sepaloid perianth 103, 1037 

— _ petal 103 T 
Separation cells 381 t 

— disc 412, 417, 

TA layer 380, 381 
Septate hyphae 574 
Septate fibre 260 te 
Septicidal capsule 159 — 
Septifragal capsule 159 — 
Septum 123, 124, 575 
Serrate margin 53 
Sessile pus 88 


— leaf 
Seta 740, 761, 762, 779. 
Setae (seta) 457, 458, 556 
lution 


— in Phaeophyta 
— in Ulothrix 451 
Sexual compatibility 583 
— generation /32, 
uction 


— reprod 
, 502, 519, 
426, 502, P 


— spores 579 
ing stresses 277, 279 
Fe 410, 416, 417, 433, 439. 
Shield cell 495, B 
Shoot i , 672 O 
Sheathing leaf-base 47, 1026, 104 

Shoot 8, 9, 24 


Sintious anther lobe 119 
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II FE, 
35 

E 

š 


f 


583, 626, 663 


Soredia 715 
Sorghum sp. 1028 
Sori (sorus) 877, 878, oer 889, 


13, 1034 
Spadix 89, 90, 97, 1031, 1034, 1041 
— simple 89, 1034 


Sperms 436, 466, 467, 488, 489, 494, 
528, zo A 752, 759, 760, 765, 


SEI 
, 894, É p 941, 954 
Spermatogonial 


pi 
Spi 


— simple 88 
— compound 90 


Spikelet D 1026, 1027 
Spindle 23 
Sbine 73, 82, 83, 84 
Spinous stipules 50 
Spiny leaf margin 53, 54 
Spiral phyllotaxy 62, 63 
— thickening 226 š 
Spirocyclic flower 102. 1063-106 
Spirillum tpe C3 722 
Spirogyra - 
aces sare 334, 335-338 
Sporangia 580. 595, 604, 609, 615, 
809, 815, 817. 820, 827. 858, 
868, 869, 877, 878, 879 
— mega 844, 893, 911, 913, A 


95 
— micro 835, 844, 893, 913, 938, 


952, 962, 977 
Sporangial drop 616 
PS ‘proliferation poo, 
Sporangiferous spike 86: 
soreaiopbon Sera LET 
ngiophores 858, 580, $ > 
PEP 615, 616 
Sporangiospores 580, 595, 616, 579 
Sporangium type 709 
Spores 390, 393, 578, 579, 740, 741, 


, 809 

Sporocarp 890, 892, 893 

— development of 897 

— morphology of 896 

— structure of 892 
Sporocytes 754, 869 
Sporodochium 697 
Sporogenous cell 132, 134, 136 

— layer 132, 772 

— tissue 132, 742, 754, 766, 779, 


785, 793 
Sporogonium 740, 772, 778, 719, 780, 


785, 789, 792 
Sporophore 687, 689, 690 
Sporophytic generation 741, 807, 809 
Sporophore 687, 689, 690 
—  effused reflexed type 687 
—  stipitate type 687 
Sporophylls 49, 809, 824. 827 
— mega 120, 809, 831, 834, 844, 
,... 911,913, 938, 964, 976 
— micro 113, 809, 831; 834, 844, 
911. 913, 938, 962, 963, 926 
Sporophyte 753, 755, 760, 761, 765, 
771, 778, 780, 785, 791, 808, 817, 
823, 831, 839, 843, 854. 865, 
874, iA C 911, 932, 
: , 958, 973, 
Spr liytic Peranan 741,807. 809 i 
8 wood (see ear] 
Spurious fruit 158 orden] 
Spurred calyx 108 


— Corolla 109, 
Stalk cell 912, i3 dio 


913, 
Stalk nucleus 940 41, 954, 965, 966 
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Stamens 113-116 
— adhesion of 115 
— cohesion of 115 
— parts of 113 
— relative lengths of 113, 114 
— union of 115 
Staminal corona 115, 1107 
Staminate flower 103 
I strobilus 952, 962, 
Staminode 1043, 1045, 1046 
Standard 110, 113 
Starch grains 208, 209 
— sheath 290, 307, 309, 311, 312 
"Statospore 514 
Staurospores 697 
Stele 301 
— evolution of 304 
— types of 302-304 
“Stem 24-45, 306 
— anatoray of 306-318 
— climbers 29 
— comparison with roots 24 
— forms of 25 
— functions of 33, 37, 41 
— kinds of 26 
— modifications of 37, 38, 40, 41 
— surface of 25 
Sterculia sp. 1094, 1095 
Sterculiaceae 1093 
Stereid (cells) 783 


Stereome 276 
a) 661, 666, 667, 


Sterigmata (sterigm 
MM 680, 688, 691, 694 


679, 
Sterile shoot (branch) 855 
Stigma 99, 100. 120 
Stilt root 18, 19 
Stinging hairs 84, 287, 288 


Stomata (stoma) 283-287 
— amaryllis type 2 
— anisocytic type 
—- anomocytic type 
— caryophyllaceous type 285 
— cruciferous type 
— diacytic type 285 
— function o! 
— grass type 
— D esogenous type 285 k 
— mesoperigenous type 28 


— paracytic type 285 
— Perigenous type 286 
pe 284 


Stone cells 261 


Storage root 15 Y 
Strap. Feels MN 
p-s col P 
Strands 221, ee n 
Strigose leaf 56° 
Strobile 89 Ww. 
Strobilus 809, 824, 827, 
850, 853, 855, 857, 


Strophiole 171, 172 
Styloids 215 
Style 99, 100, 120 
Subaerial modified 
Subclass 1002, 1004 
Subdivision 1002, 1004 
Suberin 231 

— test of 231 
Suberization 231 
Subfamily 1003 
Subgenus 1004 
Subhymenium 690 
Subkingdom 1002 
Subspecies 1(04 
Subsidiary cells 283 
Sub-stoma! ' 


ALME 
Sucking eee 
— tests of 208. - 
Sunken pee 


ded ovule 128 | 
Prien 152, 153, 942, 943. 
— cells 152, 153, c. w 
— secondary 968, 
— tier 968, 1 
— sate 982 
Suture 12 
Swarm cell 706. 707 
Swarmspore 
Syconus 166 
Symbionts 8 
Symbiosis 8, X 


us gynoecium 100, 119 
carpy 119 
— Synergid 126, 127, 136, 137 
Syni 148 


ous androecium 115, 116 
Systematic botany 4, 1000 
Syst of classifications 1006 
yzygium sp. 1098 


= T 
f tana sp. 1105 

í 7 1140 
Tam sp. 1078 


oot 9, 13 

um 132, 827, 835, 869 
915, 957 

my 4, 1000 


Teleutosorus (t. 

Telial stage 679 

: 679 

Telo 235, 236, 238, 239 

' 30. 31, 50, 73, 81, 1135 
7 climber 30 


— morphology of 1135 
T 31, 52 


Tent pole 955, 956 
Tepals 103 
hk 
_ » 152, 153 
erminalization 239 
cell wall 221 
= gical period 1157 
— mycelium 662 
— root 13 
Testa 171-174 
ynamous androecium 113 
Tetramerous flower 1069, 1121 
polar species 664 


Tetrasporangia 55] 554, 566, 56 
» 334, 566, 567 
Tetraspores 551, 554, 566, 567 
etrasporophyte 551, 554, 565, 567 
Texture of lamina (see surface 


f lamina) 
Thalamiflorae 1009 ° 
Thalamus 99, 100 


vetia sp. 1105, 1106 
ening of the 
Thorn 41, 83 TALES 
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Thyrsus 97 

Tilia sp. s 

Tipos. nen of classification 1019 
Tissue 242 2 

— classification of 243 

— complex 255, 262 

— definition of 242 

— kinds of 242 

— Henr pris 

— permanent 

— Lais (special) 255, 271 

— simple eR 

issue system 
= anacan of 280 

— definition of 280 

— epidermal 280 

— fundamental 289 

— origin of 280 

— vascular 292 
Tomentose leaf surface 56 
Tonoplasm 196 
Torula stage 617 
Torus 100 : 

— of bordered pits 228 
Trabeculae 229, 483, 832, 833 
Tracheae 264 

— ontogeny of 263, 264 

— phylogeny of 265 
Tracheid 263 
Tractile fibres 236 
Trailing plants (trailers) 29 
Trama 666, 690, 691 
Transfusion tissue 294, 952, 953, 936, 


937, 961, 962 
Transition region 331 


Translators 146, 1107 
Transverse dehiscence 118 
Trehalose 409, 410 
Triassic 1157 

Trichoblast 262, 562, 563 


Trees 26, 27 

Trichogyne 551, 558, 559, 563, 564, 
625, 627, 654 

Trichome 287, 288 

Trichosclereid 262 

Trichothallic growth 518 

Trifoliate leaf 69 

Trigonocarpous seed 922 


Trilacunar node 301 
Triphasic life cycle (alternation of 


eneration) 553, 5 
Tripinnate 68 , oe 


Tristichous Phyllotaxy 64 
Triticum sp. 1028 
True fruit 158 
Trumpet typhee 525, 527 
€ leaf apex 52 
ube cell 133 a 
— nucleus 134, 979 
Tuber (stem) 38, 39 
Uberous roots 17, 18 
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Tubular Sorolla 110 
— collench 
Pus 196 sc 
unica-corpus the 
Tunicated bulb 407 genet 
Turmeric 1044 
Twiner 29 
Twisted aestivation 112 
— prefoliation 61 
Tychoplankton 506 
Tyloses 353, 354 
Tympanum 787 
Types of germination 179 
Typical flower parts 99 
— fruit parts 158 


U 


Ulothrix 447-451 
Ulotrichales 427 
Umbel 90, 88 
U Fa asad 90, 91 
mbellate cyme (cymose umbel) 97 
Umbelliferae 1099 ) 
Umbelliflorae 1015, 1099 
Umkomassia 923 
Underground modified stem 37, 38 
Undershrubs 26 
Unicostate venation 70, 71 
Unifoliate compound leaf 69 
Unilacunar node 301 
Unilocular sporangium 519, 527, 537 
538, 540, 541 
Unlimited growth of branches 958, 973 
Unilateral compound phting 227 
Union of stamens 115 
Uniparous branching 44 
— cyme 93 
Unisexual flower 102 
Units of classification 1002 
Upper cortex 712, 713, 714 
Urceolate corolla 110 
Uredinial stage 678, 679 
Uredinium 678 
Uredosorus 678, 679 
Uredospores 579, 678, 679 
Urtica sp. 1056 
Urticaceae 1055 
Urticales 1014. 1053 
Ustilaginales 669, 671 
Ustilago 671-676 
Utricularia sp. 75, 76. 


v “ 


acuole 195, 197, 410, 424 
" _ le ractie 424, 433, 434 


Vaginula 779 
vity (canal) 856, 857 
Yalleculta, pollination mechanism 143 


te aestivation 
= > foliation 60 


Valves 118, 159 


Valve view 506, 507 
Valvular dehiscence 118, 
Vanda sp. 1048, 1050 ` 
Vangueria sp. 1134 
Vanilla sp. 1051 

Variety 1004 

Vascular bundle 190 
amphicribral 29 
amphivasal 296, 
anatomy 385 
bicollateral 295 
closed collat: 
open collateral 2 
collateral 295 
longitudinal 
radial 295, 
transition 331 
— skeleton 296 
Vascular system of dic 


a — mo 


Vascular tissue system 292 
Vascular cryptogams 
Vascularization of the flo 
Vaucheria 486-491, 502 
Vegetative cell 195, 197 
— mycelium 
— propagation 37 
— reproduction 390, : 
425, 501, 519, 550, 
662 706, 716, 75 
769, 776, 784, 79 
844, 85 
Velamen 21, 281, 328, 1049 
Velutinous leaf surface 56 
Velum 842, 843 


Venation 70 
Venter 740, 752, 753, 759. 
Z: 771, 778, 785, 791, 


anal cell 740, 7: 
ventas 766 770, 77 


*» 
821, 829, 830, 
880, 881, 885, 895, 
Ventral suture 120, 122, 159 
Ventral trace (bundles) 
Verbenaces® 11 
Me. her 117, 102 


Versatile ant 
Verticillate phyllotaxy (= 


Vessels (vessel members) 2 
— ontogeny of 
— phylogeny of 265 
Vestured pits 229 
Vexillary aestivation 112, 
Vexillum stone" 10, 
Vibrio type 1 

i urface 56 - 
Villose leaf s inm 


Viviparous ger 
Volvocales 4 
Volvox 438-443 
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262. 266 
mri ane 262, 265 
— primary 252, 292 
— secondary 262, 351 


Y 
Yeast 635 
sp. 1039 
1 ee Ed. growth 347 
mechanism 688 Z 


Zea mays 1028 
— EERON of seed 182 
— seed 174, 175 
— stem anatomy 314, 315 
Zingiber sp. 1043, 1044 
Zingiberaceae 1042 
Zone cf cell division 14 
— ofcell elongation 14 
— of permanent region 15 


5 Zoophily 144 
dis by 167 Zoosporangium 393, 425, 456, 464, 487, 
pollination by 142 501. 579, 599, 600, 610, 612 
nged fruit 163 Zoospore 393, 425, 444, 448, 453, 456, 
petiole 457, 464, 487, 501, 503, 519, 579, 595, 
599, 600, 604, 610, 612 
Zygnema 476-419 
Zygomorphic flower 101 
Zygospore 390 436, 446, 454, 456, 
473, 474, 478, 482. 541, 596, 617, 619 
Zygosaccharomyces 635, 638, 640 
Zygote 149, 150, 152, 153, 390, 394, 395, 
396, 426, 436, 443, 451, 459, 469, 485, 
jum sp. 169, 1139 490, 497, 498, 520, 536, 541, 545, ni 
ophyll 205, 213, 392, 410, 424, 559, 564, 581, 602, 605, 613, 639, 707, 
» 501, 508, 518, 550 753, 760, 761, 771, 778, 785, 791, 821, 
protein test 212 830, 861, 872, 895, 943, 967, 968, 983 
! Zygotene 237, 238 
Zymase 642 
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